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mTRODlTCTION. 



Iw offering thia book to the public, the author would state 
that be has tried to select eueh matter as would illustrate 
the varied workings of difficult ciiatiugs, and to offer prob- 
lema for thought and study to practical mouldekh ; in 
which he baa endeavored ti). make everything plain and 
PRACTICAL, so that the beginner or apprentice can under- 
stand it as well aa the practical moulder. The illusirations 
shown are from drawings made by the author, and embrace 
almost all the more difficult kinds of heavj' castings. They 
are chosen because tliey involve some of the highest ele- 
ments of the art of iron moulding. Pattern makers and 
foundry managers, in considering the best method of mak- 
>ing difficult castings, con refer to these pages, where it is 
hoped they will find assistance of such a nature as will in- 
creass their profits. 

It may be here remarked, that there are but few trades 
which do not employ more or less machinery in their manipu- 
lation, while the moulder frequently finds himself limited to" 
sweeps and a, few blocks of wood. Hence be especially 
requires mechanical skill to a large degree, and although 
may be some appliances used to lessen hibor, yet the 

quired to operate them enters more largely into this 

ito most trades. 

I'melting of iron is a subject which will be found 

Midensed and simjilu in its treatment, althou^ it i 
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of gi'eat importance ; and from the ample illustrated work- 
ings of the foundry cupola and its management, it is be- 
lieved many valuable and practical ideas will be derived. 

All the matter here collected is the result of many years' 
experience and practice, not only as a workingman alone, 
but also as a manager of foundries. The author, having 
traveled over and been employed in different sections of this 
country, has had an opportunity of obtaining a varied prac- 
tical knowledge of the American fouis^dry practice. 

The ORIGINAL articles here submitted have, to some ex- 
tent, during the last two years, appeared in the American 
Machinist J but they have been expanded, and in some 
cases rewritten for this book, in hopes that the minds of 
practical men may give thought to the subject, and that 
others may be assisted in showing that the moulder's trade 
is one that requires something higher than the mere mus- 
cular force necessary to pound sand. 

The field for thought and study in foundry practice is 
very large ; and if the author, in presenting these pages 
before the practical machinery moulders of America, 
has benefited a class in whom he takes pride as a member 
and co-worker, he will feel amply repaid for his labors. 

Thos. D. West. 

Cleveland, September, 1882. 
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The Moulder and the Foundry. 



THE MOULDER AND HIS TRADE. 

Ask any mechanic what trade he thinks requires the 
greatest amount of mechanical ability and he will say his is 
the one, and perhaps go on to state some of the fine points 
connected with it. If the moulder should be asked this 
question, he would probably get excited over it, on account 
of the low estimation in which liis trade is held. 

The moulder's trade may not be the most mechanical of 
all trades, but it is decidedly entitled to more respect and 
consideration than is usually given it. Other tradesmen 
must remember that to be a good moulder requires more 
than the muscular force necessary for ramming sand — an 
idea that has been expressed time and again. The machinist 
with a clean Monday suit on and a pair of calipers in his 
hand ; the pattern-maker with his plug hat looking over 
his drawings ; the blacksmith making the sparks fly ; all 
have a dignified appearance. The position of a moulder 
lying on his back under a cope, or on his belly ramming under 
some pattern, is not suggestive of dignity. The general 
impression is that the nicer the clothes, the more mechanical 
is the trade. 

Mer with his black face and clothes, and sur- 
the usual appliances of a foundry, such as 

1 
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2 THE MOULDER AND TUE FOUNDRY. ^^ 

bricks, loam, mud, aslies, straw, Iioi-se manure, blacking, sand 
and clay wafili, might have a romantic, but is far from having 
IV dignifled appearance. Should ho atti^mpt to put ou 
dignity, when he is prostrated or laid out for repairs on some 
sand heap, caused by carrying liot iron or doing a heavy 
feeding job, it would be all knocked out of bim. Like a 
man picking up hot iron, be would bo forced to lay it down 
again. 

It is tbia want of dignity about a, foundry that lowers the 
trade in the estimation of men, and tbe moulder will have 
to look for other thinga than dignity. Almost all men can 
remember, when tbey were children, of making mud plea aud 
playing in the sand, and sometimea tbo pies would bo put 
into their mother's oven to be baked. This might be called 
dry sand moulding ; but when the dusty sand was fired into 
the child's face, if he had any pluck, he would not sit right 
down and pick tlic sand out of liis eyes and say or do iiotli- 
ing to retaliate. So, should this article offend or put sand 
into tbe eyes of any other tradesman, be must not tbinktbat 
it was done to blind him, but rather to wake bim up ; and 
if be feels like fighting there will bo no objection to his doing 
so. 

How sublime aud grand ia tbe structure of tbe steam 
engine — tbe mighty power of machinery! Yet useful and 
ornamental castings used in all shapes and forma are made 
from pig iron and old scrap iron, and formed in sand. For 
all tbia, all thought is of tbe work of the pattern-maker or 
the maeliinist. It is not till some scabs orsand-boleain tbe 
casting are noticed that tbe moulder ia mentioned. Then 
what abuse tbo poor moulder does get! 

All moulders are not thorougb-paced; if tbey were, thor 
would not be half the trouble there is in getting gOod^S 
ings. There is no trade that re'iuires m<v^ 
cautious aud mechanical ojierulions tha-" 
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«hy is it that all tho cast.ings ma<Io in a foundry cannot be 
J and perfect like the day'a work of n machine, blark- 
Bmith, or boiler shop ? Is it because the men and lioyalhat 
. learc moulding are such as are rejected or not anowe<l to 
learn other trades on account of being blockheads? If it were 
]KiBsible that such wjis the case, it would then l>e roasonablo 
to eay that should any otiier set of tradesmen have learned 
moulding, bad castings would never be seen. The moulder's 
tnule is learned by boys and men, the same as any other 
ti-ade, and foundry boases are as good judges of character aa 
any other clasa of foremen. Few foundries would hire a boy 
that wore kid gloves and u collar that holds his head up. 
Such boys are generally selected from sound and staunch 
material. Taking it for grunted that as good and as smart 
l)o;y3 learn moulding as learn other trades, is it to be taken 
for granted that they fail as a class when they become men ? 
The more wc think of the matter, the more it looks as if it 
was the want of a knowledge of moulding more tljan tho 
lack of mechanical ability that causes all this trouble of bad 
casting. 

This article is not written to hide the moulder's failings, 

but to get at the truth, no matter where or whom it strikes. 

Tho moulder should admit that, when ho loses a casting 

which ho has had full control of, it is no more nor less than 

his ignorance or carelessness that caused the loss. The 

proof is that when he makes it the second time he gets a 

gooil one. The loss of a casting docs not imply that the 

moulder is ignorant or is not a mechanic, since castings 

are often lost from some little, insignificant cause. There 

^^e a thoasand-and-one ways of losing castings; and the 

^HM|d|r, when making the second ca,sting, is nearly as 

^^^^^Bkhave that bad, from some other cause; and the 

^^^^^^^^es not live who never lost a casting. 

^^B OS the excuses for bad castings are laughable. 
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Tlie story is told of a moulder who made four pieces — every 
one bad-— and, when the foremiin asked Iiini what was the 
matter, he sitid that one dropped, one flopjicd, one run out, 
and that one was a " waster." The boss told him to make 
livu more, aa he would like to know wliat would be the muV 
ter with the fifth one. Ask any moulder if the bad casting 
wliieh he has made cannot be made good, and why it is had, 
and he will answer the first iiuestion in the affirmative, and 
have some excuse, instead of an answer, to the last one. 

When a moulder loses a casting, it worries him. There is 
no trade in which a man's peace of mind is kept so unsettled 
a8 in the moulder's. Ho is always in a state of expectancy. 
Look at a moulder when he is taking his easting out of the 
bricks or sand, and with a hammer in his hand, he will look 
for something that lie does not want to find. Should anything 
be seen that would make the casting had, how soon the lion- 
est man's look of fear changes to despondency, or he shows 
his character by throwing the hammer down and stalking 
around the shop with a look of indifference, as much as to 
say that he was not responsible ; or he will seek consolation 
by laying the blame on some poor helper core-maker, or 
on some moulder that worked with him. It takes a moulder 
that is a sweet talker to get out of the blame for a bad cast^ 
ing, when ho knows there was no one to blame but himself. 
Losing castings with aue moulder is a frer|uent occurrence, 
while another will be noted for success. This success may 
continue a long time, on the strength of which he will get 
careless, and aomo day, to his sorrow, he has a had casting. 
He makes it over again, guarding with the greatest of care 
the conditions that caused the first one to be had, and his 
mind being riveted to this point, he neglects others, and the 
second casting goes the way of the first. If now he has n^U 
well-balanced mind he may lose almost every casting ^"^^^| 
to make, and it is not till ho makes an eSort to <" ^H 
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nervousness and lack of confidence, that he will be able to 
make a reliable mould. 

A casting made by a half-drunken moulder would be more 
likely to be good than one made by a nervous moulder. 

Any moulder when starting on a large responsible mould 
should have a clear head, so as to master the job with his 
brains before he puts his muscular forces to work. This will 
give him confidence, which along with a good mechanical 
judgment is a very essential feature in making good castings. 
About the best proof that moulding is a trade that requires the 
best of physical and mental power, is to notice the moulder 
when his castings come out all right, and likewise when they 
are bad. In looking at a bad casting, the question is always 
asked. What made it bad ? Such a question implies that the 
cause is not apparent, but that it needs investigation. 

The blacksmith when forging his iron into any shape with 
his hammer, can, the same as the machinist or pattern-maker, 
see the effect of every movement he makes as being a move 
towards the end. Should any part not be done right, it will 
be visible to the eye, and the little mistakes can be remedied 
without waiting till the whole job is completed. 

Moulding is like to a man fishing, he cannot see what he 
will get until it is out of the water; and he may spend all day 
working hard to catch something, which when brought to 
light will be a worthless minnow. 

The ramming of sand is what any one having the neces- 
sary strength can do ; but the light or heavy ramming re- 
quired on the different sections of a mould, demands some- 
thing more than strength and stupidness. The motion of the 
rammer is visible, the result of the ramming is invisi- 
ble. 

h 1-^— may work from one day up to one or two months 

cry night when he goes home he feels anx- 
\ result of his day's work. There are often 
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times when a moulder would forfeit liis day's wages if he eonlil" 

ouly see or know the result. 

Often things happen to castings that will puzzle the best 
of mouldera to fathom, and which, when found out, involve 
some cliemicalor scientific principle that professore are very 
proud iu talking about. 
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LEARNING THE MOULDER'S TRADE. 

When a young man starts out to leam the mloulder's 
trade, about the first thing he does is to get a trowel, stick 
it in his pocket, and call himself a moulder. He comes to 
his work finely dressed, with a cigar in his mouthy and his 
talk is about anything rather than what he is doing. This 
is not the case with all beginners, but it is true of the 
majority of them. Once in a while a young man who has 
more sense and less conceii, instead of calling himself a 
moulder takes every opportunity to make himself one. He 
is careful not to give offense by speaking slightingly of 
work he knows nothing of, and at once makes friends of 
those whose skill he may profit by. He may wear good 
clothes, and perhaps smoke a cigar, but there are different 
ways of doing such things. Instead of spending his even- 
ings around saloons, he may be found a member of some 
debating society, discussing the elements of pig iron, or he 
is home making a drawing representing the way some 
moulder is making a difficult casting, which drawing he 
will preserve for future reference. When a moulder loses 
a casting he will note the cause and profit thereby, and 
when he loses a casting himself, he will welcome and profit 
by any advice or assistance in order that the next one may 
be good. At his work he will be diligent and careful, and 
always ready to give a *Mift" or help any one that is 
in trouble. He is not afraid of asking questions, and 
always aims to make the second casting better than the 
first one. He will be patient, and not be looking for the 
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foreman to give him work thut he is not capable of execut- 
ing. When ho borrows a tool it is auro to be retumed, and 
hia own tools he willingly len da and keepa them clean and iti 
place. He never baa much to say, and attends strictly to 
his own business. 

These (]uaIificationa in a young man will make friends, 
without which his progress will be alow. The greater part 
of our knowledge is obtained from othera. We are in- 
debtetl to thousands of people for what we know of the 
moulder's trade. 

Some beginners will say that they do not get any ahow ; 
that the boss is giving it all to others. H is hard for 
an outsider to pass an o])inion on this. Very often appren- 
tices overrate their ability, thinking they are capable of 
taking work that they would only lose if given them to do. 
It ia a great failing of young men, and, in fact, of tbc 
human race generally, to think they can do things they see 
others doing. It we could only " see ourselves as others see 
us," we would, ill many cases, be more contented in our 
situations. 

It ia often the caae that a worthy apprentice is not ad- 
vanced as he should be, on account of some prejudice, or, 
Bomctimes, an established principle of keeping the boy down. 
A young man should find out the character of the estubliah- 
ment before he makes an agreement to learn the trade there, 
A shop that makes a specialty of two or three differentkinds 
of casting, is no place to le.^m the moulder'a trade. Tiy 
and get a start in a good jobbing or steam engine foundry ; 
Bueh shops as these generally have all the science of the art 
of moulding practiced in tbem, and in such shops, should 
the foreman feel inclined to keep a beginner on one job all 
the time, he could very seldom do so. Of course he can 
keep changing you from one inferior job to another, and 
should you see all the apprentices treated in a similar man- 
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ner, it is not of much use to ask to bo advanced. But, 
should you see othei*s going ahead, (if you are sui-e the fault 
is not youi's) in a polite manner ask to be tried on better 
work. Whether the answer is favorable or not, continue 
on with your work, doing the best you can, for, if the fore- 
man will not reward any merit that you may ))ossess, you will 
be noticed by some one, sooner or later, wlio will recommend 
and advance you. 

Under any circumslances, faithfully i^erve your tifne, then 
leave and go to some other shop, wlierever you can get a 
job. 

You may find quite different plans for making work prac- 
ticed there ; but, with a good mechanical judgment, you will 
get along all right. The first day in a new shop is always 
the worst. I have seen men, who have worked the most of 
their lives in the shop where they served their time, and in 
which they had the leading work, and were reckoned good 
mechanics, start in a strange shop and be so nervous and 
simple in their actions that the old hands would question 
their being mouldei*s. 

As a general thing, the class of men who laugh at a 
moulder in a strange shop are the narrow-minded ones who, 
having had experience several times over with every piece 
made, have forgotten their own failures in working up to 
their present knowledge. A man of good sense, and who is 
a thorough mechanic, will not be guilty of such actions. 
On the contrary he will show the stranger where he will find 
the flask needed, and will tell him if there has been any 
trouble in the previous moulding of the job; he will show 
him where there are gaggers hidden, and, in fact, do every- 
thing that he can to assist him. Should he have any idea 
of opposition, he will wait until the stranger has got a fair 
run of the shop's tools and ways, when it would be a more 
manly and even race to see who is the best mechanic. 
1* 
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A thoi'ougli knowJedge of the moulder's trade cannot be 
learned in any one sho]), nor is it a sign that a moulder 
thoroughly umlerstiiiidB his trade because he has worked in 
a great many foundries. He Gin see liow things are done 
by traveling, but the class of work that would advance and 
instruct him is haiilly ever given him to make. Go into 
any foundry and ask how long llie men tl'.iit lire working on 
good jobs have been there, and the answer will generally be, 
from BIX months up to a lifetime. A stranger must stay 
long enough in a shop to show some merit beforo a practical 
foreman will trust him with responsihle work. 

A young man traveling to advance liimself should, when 
possible, engage only in the best shops to he found, and 
there he should stay at least for one year. After thus 
working for ten years in aa many different shops, he can 
blame no one hut himself if he is not a good, practical mould- 
er, ah)o to make almost anj-thing in tlie brandies that lie 
has practiced. 

Thorough, first-class moulders are very scarce, as such 
men must be capable of melting their own iron, and making 
any castings that come along, in loam, dry sand, or green 
sand. 

It is very seldom that the three branches are learned, or 
practiced, by one man, one reason being that most large 
shops generally have work enough to keep a constant num- 
ber of men working .steadily in each of the three branches. 
Another reason is that it is a little too much for most men 
to practically master. 

A muji may bo good on green sand, and perhaps fjiir on 
dry Band and loam, or all right on loam and dry sand, yet in 
green sand not amount to much. 

There are two ways of learning the moulder's trade ; one 
is do as you see others do, and the other is to knoiv the 
reason, whffyim do so. Moulders very seldom ask them- 
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HWTeB: Why ig eucli a tiling dono in order tu have the ciii^t- 
^Eag a good one ? They uro told it is to be done; they do it, 
and there Jet the matter eitd. 

There is a jirinciplc uiiil a cause involved in almost every- 
thing that IB done to make eastings Buccoasfully, nnd ho is 
the farthest advanced in the art of moulding who has made 
them the study, bo as to thoronghly understand tlic cause 
and effect of what he does. 

It lias been suggested to me that I should write a few 
articles for apprentices, Webster says that an apprentice ia 
one that is bound to another to learn a trade. Some 
trudes may be learned during the allotted time of three 
or four years, but for a young man to think that when his 
apprenticeship is sensed he has learned tlie moulder's trade 
' is assuming too much. A moulder ia an apprentice as long 
as he lives, as there is not a day that posses that Bomethmg 
cannot be learned. Whenever any man gets (o thinking 
that he knows it all, or that he cannot learn any more, he 
should stop working. lie will never be a Buccess. Writing 
to give information to a beginner may Bometimes be well 
enough, but the beginner must first sec sonio bad results of 
something that he has done, in order to fully understand his 
trade. 

The first year of a beginner's time is always more or less 
of a loss to Ilia employers. You miiy tell him what to do 
and how to do it, but he must have practice before, as a 
general thing, any information that may be given to him is 
fully understood, or its value comprehended. Articles arc 
often written for apprentices, when the author ought really 
to admit that he intended them more for what might be 
called practical men, and that he as.sumcd the simpler titio 
tp out off censure and criticism. Such authors should let 
their writings bo for the old as well as the young, for there 
lire none of us so old that we cannot learn. 
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A beginner in one shop could very often give some valu- 
able information to an old experienced hand m another 
shop, and as for a knowledge of the principles or manipula- 
tions of the moulder's trade, there are as many old hands as 
new ones that require to understand them better. 
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BUILDING A FOUNDRY. 

When a man is about to construct a foundry, he cannot 
give the matter too close attention. Let him make lines 
and i-ub them out again until he gets something that fills his 
ideas ; then make three or four tracings, and submit them 
to as many different practical foundrymen, with the request 
that they find all the fault with them they possibly can. 
Let these men examine the drawings with great care, and 
present their opinions — especially their objections — in writ- 
ing. Then, with a mind unprejudiced, let him consider 
their opinions, and adopt whatever is good. 

The idea that should be prominent is that the plan of a 
foundry should be decided upon from a consideration of the 
particular class of work for which it is to be used, and other 
controlling circumstances, such as the general character of 
the land, the position of a railroad, river, lakes, streets, 
etc., etc. 

To attempt to show a plan for the construction of a 
foundry that should be of anything like general use in 
building would be foolish, since scarcely any two foundries 
ought to be built alike. The fact that there are so many 
unhandy foundries is not always evidence that the designer 
was in fault ; since, considering the location of other build- 
ings, and circumstances over which he had no control, 
he may have done the best that could have been done. 

1 thing, however, builders or designers are 
amed for, and that is for not providing for 
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11 THE MOULDER AND THE SOVWDRY. 

If there is not mucli businesa or cajjital to start with, the 
small shop, having only one cupola, one crano, one pit, and 
one oven, is not the building tliut should be made on pjtper. 
Tiie proprietor or designer ebould take into consideration 
!iis available ground-room, and then make a drawing or plan 
as if he were going to build the largest shop that could 
possibly be constructed on the grounds. If there is room for 
three or four cupolas, a couplo of air-furnaces, five or 
BLX cranes, a number of different-sized pits, and several good 
ovens, let them all be carefully located on the largo plan or 
drawing. When the drawing is completed, let him consider 
what portion of bis large shop would be the best and 
cheapest for him to construct, with the capital he can afford 
to invest in his enterprise to start with. Then, when his 
business increases, and he wants another crane, cupola, pit, 
or oven, lie will only have to look at his original drawings, 
and there are places for them. When he builds hig shop 
larger, the builder can find studdings, bolts, or broken brick- 
work to securely fasten the extension to. 

It is not intended that the reader shall take the word 
" extension " to mean the usual kind of extensions that are 
added to foundries, such as " dog houses," "pigeon holes," 
etc., and which, wherever seen attached to the main shop, 
are sure signs that extension was never thought of, or 
provided for, when the main building was first planned. 

There is no intention in this to show how to build fine, 
large aliops, but rather to show to the man of smalt capital 
that before ho starts to lay out his money he may, to a groat 
extent, by careful study and management, make his little 
enterprise a running success. Many a man has failed for 
want of judgment in the beginning. 

There arc two things that are connected with every enter- 
prise. One is the advantage and the other the disadvantage. . 
When a man does not see both, it is evidence that lieh 
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not deeply investigated the subject. A man who takes 
every element and business point separately, and thoroughly 
dissects them^ not only can know what is best for him to do, 
but will be inspired with such confidence and energy that 
the word ^' failure " would have to be printed in larger type 
than is yet used for him to see it. 

In building a foundry, the shop should be built high. 
Tlie medium height for shops that do crane-work is about 
twenty feet. This measurement is from the floor to the 
large girders, or beams, that the top of the crane is held by. 
In fact, any foundry should be built high, so as to give 
plenty of space for the gas, smoke, and steam (which is 
always generated at casting time) to rise up over the men's 
heads. To carry hot iron through a dense fog of gas, 
smoke, and steam is a duty that is not only unpleasant, but 
has been the means of many workmen getting badly burned. 

The next point, and one of great importance, is to have 
the shop constructed so that plenty of light will be admitted 
from the roof, as well as from the sides. A dark foundry 
is not only disagreeable to work in, but is the cause of many 
rough and poor castings. It is also a great drawback in 
getting out work fast. 

A foundry that is built for large, heavy work, cannot be 
too strong. The doors, or openings, through which the 
large castings are delivered, should not be less than fourteen 
feet wide and ten feet high. It is best to have the doors 
hung by weights, so they will slide up and down. Doors 
that open out or in, or that run backward and forward 
on sheaves, are always more or less in the way. Doors, when 
it is possible, should be placed in a part of the shop so that 
when opened the dust cannot be blown on the moulder 
or his mould, as it is not only disagreeable but it hinders 
him from doing his work. 

Cupolas should be built in that part of the shop in which 
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t] I d Bifcuatcd, B.a gi'nerally this part of a 

1 1 I d f a road or giLngwuy. Placing doora and 

] lis t g tl r utilizes room, as the room for Beveral 

ft d p k ia not used for moulding. This plan 

Ibo k [ til It mid dust from tint dooi-s and cupola 
t J, th , d tl moulding room, destroyed for one, will 
answer tlio ])urpose of the other. 

Loam and diy sand moulding should be kppfc in a part 
of the shop distinct and away from the green sand flooi-s 
or moulding room, as the dirt and mess that pieces of brJek, 
mud, straw, cinders, etc., mako are very disagreeable, and a 
hindrance to the gi-een sand moulder. The best part of the 
shop for loam and dry sand work is at one end, and near the 
ovens. 

TJic ovens should be located in the part of the shop where 
there is not much traveling done, either by cranes and cart- 
iige, or foot travel ; also where the railway tracks that the 
oven can-iages run in and out on, will take up the least 
vain able room. 

Large and small pits for casting, or ramming nj) moulds 
in, should bo as handy and as near as possible to the loam- 
work. 

"When air furnaces are required, they should he located aa 
near as they can be to the loam-work, and wliere there will 
be nothmg in tlie way of delivering heavy or large scrap 
iron to charge them up witli. They should be built up 
enough above the level of the foundry floor so that the tap- 
ping hole will bo from three to four feet above the floor, in 
order to admit the pouring of moulds direct from the fur- 
nace, or to have the liquid iron first ran into a large basin 
or ladle, from which it is admitted into the mould. 

EvDiy well-regulated foundry should have good facilities 
for cleaning castings, which, when possible, should be 
cleaned in an adjoining room, so that the moulders will not 
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be hindered from their work by waiting for a crane, look- 
ing out for flying iron chippings, and giving orders for 
hoisting and lowering the crane, that cannot be heard on 
account of the noise. 

A narrow or wide track can bo laid between the casting 
and cleaning shops, and as soon as the heavy castings are 
hoisted out of their moulds, they can be loaded on a car and 
run into the cleaning department, in which there should be 
a crane for handling them. In the cleaning room there can 
be tumbling-barrels and vitriol-tubs for the cleaning of small 
castings. 

Shops that do heavy and light work should have the light 
work done in parts of the shop entirely separated from the 
heavy floors, for the reason that grades of sand better adapt- 
ed for each class of work can then be used, and the work 
done to pay better. The portion of the building to be used 
for the moulding of heavy castings should be constructed 
with a view to strength, while the portion for the light cast- 
ings can be constructed more cheaply. 

In selecting ground to build on, there should be three or 
four wells or holes dug to see if it is subject to dampness or 
water. Should there be water found at the dei)th of six to 
eight feet, the position should be rejected — that is, if the 
foundry is to be constructed for a heavy line of casting that 
will require bedding in the floor, or should pits be required. 
When planning a shop, there should be plent/of time 
taken before it is let pass into the builder's hand for con- 
struction. Hasty planning is likely to be sooner or later re- 
gretted. 
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MOULDING AND CASTING FLY-WHEELS. 

The engravings herewith shown represent different plans 
of sweeping and moulding fly-wheels. The lower cut is a 
wheel that had a full pattern for the arms and hub, the rim 
being swept out. For forming the cope part of the rim 
there were wooden segments, J?, used. A straight sweep which 
formed the joint, also struck or marked on the joint a true 
circle to set the segments by. The reasons for using the 
wooden segments was that the wheel was quite a heayy one, 
and if the moulder did not gagger it well the cope would be 
likely to draw down. 

When gaggei*s are set on the sand-bed or mound, they 
will generally show their prints, so as to require knocking 
back, which, when there is a large cope surface, or a large 
numbera of gaggers, requires considerable time and labor. 
Besides this, it is not always a safe plan to knock back 
gaggers, as it will generally loosen them, thereby causing 
trouble. 

Some moulders ram up large copes without marking the 
mould with them, while others make their mould look as if 
they intended to use the hills and hollows for a guide to 
close the cope on by, instead of skikes or pins. 

19 
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In starting to mould this wheel, a good cope or cinder bed 
is made, the spindle seat set, and sweep, B, attached. As 
this was a half-wheel, the half-hub and three-arm pattern 
was bedded in true and level, using for a guide the faces of 
the sweep. After the arms and half-hub were bedded in, 
the outside or rim was rammed up, after what some might 
think an odd plan. Instead of ramming the rim, or outside, 
up, for the pui*pose of forming a surface to ram up the cope 
on of all common sand, which has to be shoveled out when 
the cope is lifted ojff, in order to ram it up again to form 
the sides and bottom of the rim, the following plan was 
adopted. The adoption of this plan not only saved the 
extra work of ramming up a large hole twice, but also gave 
a more solid mould than could be formed where there is only 
the sweep to work with. 

In first starting to ram up this rim surface, the sweep is 
set to the right position, and common sand is rammed up 
solid within about one inch of the bottom face of the 
sweep. This bed is then well vented with a large wire, 
after which the vent-holes are stopped up on the sur- 
face, to prevent loose sand from filling them up. Facing 
sand is now shoveled on up to the height of about 4", 
projecting out 2" on each side over the width of the 
rim, on the outside of which common sand is shoveled. 
The sweep having been raised up, this sand is made 
level all around, after which this course is rammed the 
same as a moulder would ram any course of sand for a 
heavy casting. The sweep is again raised up, and another 
course of facing and common sand shoveled around it, 
the rim being all facing sand, with the common sand 
outside for a backing. This is repeated until the hole is 
rammed up high enough for a straight sweep, which is 
now screwed to the piece of boiler plate P, for sweeping 
off the joints. 
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Alter the joiuta are made and the cope rammed up and 
lifted off, the rim sweep is set hack again and the rim of 

tlie wheel in then swept aa follows : 

The s;md is firat shoveled out witliin one inch of each side 
of the rim and within about twoinehesof the bottom, (Tliia 
B!tnd heiiig all facing is wheeled to the facing boxes and used 
^igain for another wheel, or for any other heavy class of 
work.) The sweep is now lowered inch by inch until the 
rim is swept out aa wanted. In order to properly divide 
the wheel for a half one, a long straight edge ia used, liaving 
a half circle the size of the spindle cut into it, which being 
placed against the spindle, a half-wheel is then marked off, 
aud wooden blocks the shape of the rim, having prints for 
shaped coros like V, V, are then jilaced on the l)ed and the 
ends of the rim I'ammed up. The wooden arms, end-blocks, 
and half-liub pattern are now drawn, and the whole mould it 
sleeked aud finished uj). 

The castings are ])oured by gates underneath the rim, as 
shown. 

The second, or middle cut shows another plau of sweep- 
ing up fly-wheels. The common plan of covering over largo 
fly-wheel rima is by using segments of cores, as shown at W; 
or sometimes loam rings or plates cast with prickers on 
them, and then filled and swept off with loam, are need, 
^hen the oven is too narrow to dry these covering rings or 
plates, they are cast in two half-circles, so as to be admitted 
into the oven. The plan here shown is to cover the r!m 
with green sand as it is being ntmmed up, which is done aa 
follows : 

The level bed, f, is first made and then the segment 
ring rim pattern, £>, which is attached to an arm as shown, 
is set on tlie bed. After the cores for forming the 
arms and hub (as shgJI^^i^he opposite side) are set; 
the rest of the * t'heel is swept up. The 
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arm tlmt is attaclied to th^ segment rim, shown at F od 
the plan, is then taken off, the segmeat rim is set bock, 
Bnd the outside and top of tiic rim is rammed 
up, find the segment pattei*[i having a slight draft to 
it, is, when ready, drawn out aionnd endways, Tlie 
moulder can now look into the rim mould, to see 
that everything is all right. Afttr this replace the'] 
pattern or eegment, inserting one end into the end of the ' 
tnouM 2" or 3", and ram_up and finish another segment. 
Sepeat this operation until the whole rim is rammed 
up. 

In r,imming up the last segment, the moulder may ask 
Slow the pattern is got out. This is done by liaving a 
covering core to close up the last segment, or by having 
ft ca^t-iron Hask ns shown at A, one end of which is rammed 
up, and then the pattern is moved back after lifting off the 
flask. When replaced the other end is rammed. Tiio whole 
llaskcould be I'a'mmed up at once if there was another piece 
of segment pattern used. For rodding over the top of tho 
Tim, which must be done in a reliable manner, there arc 
cast-iron frames used, ns shown at X. ' After these frames 
iu^ well bedded on, and about 4" or 5" of sand rammed over 
them, there are some pigs bedded on tu hold it down, as 
I at H, tlie pigs being put on before the pattern is 
Irawn. 

This segment pattern conld be improved and made to draw 
rat endways easier by having it cut like two wedges, as shown 
iK. 

For the benefit of moulders that may be afraid to try tho 

, I would say that I am aequaintcd with one foundry 

Fhere nearly all wheel? are made in this way, with good 

iccesB, 

The upper cut shows the process of moulding fly-wheelsi 

i»ing wrougiit iron arms ; also for forming cast-iron arma' 
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with cores, having a full pattern for the arms and hub ; and 
fly-wheels cast one-half at a time. In moulding wheels 
having wrought iron arms, it is generally known that the 
rim is cast separately and first, and that the hub is cast after 
the rim is cold, or has shrunk about all it will shrink. Should 
a wheel having wrought iron arms have the hub and rim 
cast at the same time, there would not only be the difference 
of the shrinkage of the rim and hub to contend with, but 
also the expansion of the wrought-iron arms, for as soon as 
the mould is poured, the arms will commence to expand. In 
a short time the rim and hub will commence to contract. 
The rim being much larger than the hub, its contraction 
will be several times greater, and with the expansion, or non- 
contraction of the arms, the inexperienced moulder will be 
able to see what the result would be. If he does not think of 
it at the time he will find the next morning the rim cracked 
or broken. 

For wheels with hubs over 12" diameter, the arms should 
be made with a taper on the ends that are cast into the hub, 
as shown at S. This taper can be ' swaged on by the 
blacksmith, or turned on by the machinist. For large 
wheels having a hub over 24" diameter, it is better 
to have the taper turned, as they will then be sure to 
have a true smooth taper, which the hub when it 
contracts will have a better chance to pull in or away 
from. 

For very large hubs it is best to have key cores set in at 
the end of the arms, as shown at N, as they can be made 
to answer two purposes ; the first being, that should the 
moulder not feel safe as regards the contraction of the hub 
freeing itself from the arms, the key cores can be dug out, 
and iron keys driven in to force the arms outward; this 
being done while the casting is yet red hot. When the i 
casting is cold, should the machinist find that the arms are 
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loose, he can drive in permanent keys to hold the hub firm 
and stiff. Thia claea of hubs shnuld always bo poured wiUi 
iron not too hoi, and the moulding of them should be done 
witli the greateet of caution. 

Before the hiibs are cast, or the center core set, the rim 
should be tested with a pair of trammels, or with a sweep 
attached to the spindle, to see if the wheel has contracted 
evenly all around. I have seen wheels drawn out of true so 
much, that in setting the center core in the hub. it had to 
be set over i'' out of the ceuter, in order that tlie liole could 
be bored true with the rim. 

When this class of wheels are moulded without himng a 

full pattern to work with, the rim caTi be swept out, or 

I formed with a segmeut, aud the jirojectiona E E can 

■Me formed in cores ; but for moulding tlio hub it is better to 

^Bltve a full pattern to work with. 

^H At M M, is shovu a plan for making cores to form COSt- 
^Hwn arms. Tiic wooden arms shown arc for the iiurpose of 
^Hiaking or moulding wheels that arc covered entirely with a 
^Bt>pe, having the rim swept out as described and illustrated 
^Dy the lower cut. 

Very often large wheels arc cost in halves, having chipping 
or planing pieces cast on, so as to allow them to be fitted 
together. Without experience in making such wheels, it is 
often found that when it comes to putting them together 
they will meet at the hub leaving the rim open as shown 

tat T. Chipping oil the huh to bring the rim together will 
often make the wheel out of round, to avoid which the rim 
ihould he moulded so as to project from V' to 3" beyond the 
lace of the hub. 

V Fshows tho general plan for coring and casting half 
fly-wheels. Sometimes for heavy wheels there are lugs cast 
^a the inside of the rim, so that bolts can be made in 
Wnnection with keyed u'ons. 
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Tn moulding fly-wheels there is not always the attention 
given tliat should be in regard to having the faces true and 
the rim an exact circle. A good moulder will take as much 
pride in trying to make a wheel that will run true and even, 
as ho will to have a smooth solid casting. 
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STTEFACE AND BOTTOM OF GREEN SAND 
MODXDS. 



There is no part of a mould that requires more precau- 
tion and jndgment, coupled with a knowledge of thorough 
practice, on the part of a moulder, to insure a flrat-clasa 
casting, then ramming the Burface and bottom of u mould, 
and there is no other part of a mould that moulders have 
80 many different ways of handling. Take, for example, 
almost any pattern, and give it to a moulder to bed it in the 
sand ; after which take it to another shop, and t"? a second 
moulder (being sure tliat he did not know how the first 
man handled it in moulding), and so on until six or seven 
shops liavo heen Tisitod, and you need not be surprised that 
I each moulder, wiio considers himself a good workman, has 
■a different way of performing his work. A few will handle 
Fthe job understanding why they do certain things, wliile the 
rest will follow a series of details which has been simply taught 
them. The latter is a class which will have many super- 
natnral, profound, and flimsy excuses for bad work. Moulders 
frequently entertain tho idea that the heavier the casting, 
the hai'dor should bo the surface of the mould, but in my 
practice this haa proven eiToneous. There are light large 
bCftstings made which require the surface and bottom of the 
mould to be very hard, so as to resist destruction threatened 
fcy the sudden bead or pressure caused by fast pouring of 
9ie molten iron. If the beds of some solid heavy castingB 
rare made too hard, the moulds would be liable to be blowa j 
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all to pieces, so that instead of the solidity, or weight of a 
casting being a rule for the. hardness of the mould, it is 
better to consider the time it takes to have a head or press- 
ure on the surface of the mould during the process of 
pouring. It is very easy to control the hardness of the bed 
of a mould that can be formed witli straight edges, but the 
process of bedding a pattern in the sand by ramming the 
sand under it is more difficult, and requires more time. 
Some moulders will take almost any pattern, and bed it in 
the sand by digging out a hole and shoveling in from one to 
two feet of loose sand. They then take the pattern and 
pound it down into tlie soft sand, until they think it solid 
enough. This way of bedding a patterrfJs a quick but 
very poor one, and should be forbidden, a^ it is in some 
shops tliat desire to insure good work. This way of bedding 
a pattern also causes the bottom and surface of a mould to 
be exactly the reverse of wliat tliey should be, for the reason 
that rapping down the i)attern makes the surface of the 
mould liard, leaving the sand soft under it, so that when 
the iron first enters the mould it bubbles and scabs. When 
a heavier pressure of molten iron comes upon the mould, it 
will cause the soft sand below to give way more in the 
middle than at the outside edges, so that when the casting 
is taken from the sand it is apt to be both swollen and 
scabbed. In moulding, the under portion of a bed requires 
to be rammed good and solid ; the more strain to be resisted, 
or the heavier the casting, the more solid should this portion 
be rammed. If the bed is formed with straight edges, it 
can be rammed solid up to within three-quarters of an inch 
of tlie toj), then well vented. After this the surfacing sand 
should be put on, and finished by rapping it down with a 
straight edge, or going over it lightly and evenly with a 
butt rammer. This surface sand should be soft, so that 
when the iron entera the mould it ^ ^till, and not 
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bubble or boil. For coped moulds that have a large surface 
at the bottom, it is a very exceptiomil case that requires the 
surface sand to be any harder for a light casting than for a 
heavy one. Making castings by rolling the pattern over in 
flasks^ to form the bottom part of a mould, does not require 
the mechanical skill or experience required to bed in a pat- 
tern, and the manipulations are easier and simpler in getting 
the surface and bottom part of a mould to right conditions 
by rolling over and then bedding in ; but as circumstances 
and shop customs inore or less control the matter of rolling 
over a pattern or bedding in, men, to be good green sand 
moulders, should be just as able to successfully make a good 
smooth casting by bedding in as by rolling over. 
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MOULDING LARGE AND SMALL PULLETS. 

When making pulleys of various sizes, a sliop should be 
aupplied with aa good patterns and rigging as possible. In 
making small pullBva, the work he cun do in a duy depends 
more upon the convenience of the rigging than upon the 
man. In moulding large pulleys some hrms have full put- 
terna ; but for a special size, or wlien tijere is only one or a 
few to make, the sweep and eore-box are used to save pattern- 
making. For very large pulleys with double arms these are 
necessary. 

The cut on page 35, showing sweeps, brick-work, and half 
section of mould, liftving two setfl of arms formed wiih dry . 
sand cores, represents different modes of sweeping or moulc 
ing pulleys. By the use of this rigging, pulleys from five iofl 
twenty feet diameter, and of any width of face required, e 
be moulded. For forming the outside face, there are twow 
shown. One is by using the sweep, X, and the other I 
using a segment, the elevation of which, and a hook tat 
drawing the pattern, are shown at B. With this segmi 
the outside can be moulded either in green or dry sand. 
mould with dry sand there would be required un iron bofc* 
tom ring and cheeks, or side Hasks. After it is all rammec" ' 
hoist the outside oil by liandles on the bottom ring, or plate.^ 
The mould can then be blacked and run into the o 
dry. The sweep can be used either for green or drj 
sand, as well as for loam. If the mould is swepE up withj 
loam, or dry sand, it is bettor if possible to hoist off, ondll 
should the oven not be large enough, it ""•■'•' he drying on 
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the floor while the inside of the pulley is being moulded, 
shows the Etakes driven down ulongside of each handle to 
guide the outaide off and on. The four plates, one of which ia 
shown under the lifting-ring, are to insure a good bearing for 
the outside to rest on, should the sand joint be disturbed by 
walking on, or otherwise, when sweeping the inside. 

When sweeping with green sand, a hole is dug in the floor 
to about the depth of face required, and a wooden curb, or & 
piece of boiler iron, is used as u support for ramming the 
Bund ugaingt, so as to make it solid. After this the sweep 
can be worked around to form a true face, which can bo 
made crowning or straight as desired. 

When swept up with loam, the outside of the pulley con 
be made smooth and true, so as to save turning up in the' 
machine shop, if so desired. For very large pulleys this 18 
worthy of consideration. 

When moulding the inside of a pulley, the same principle 
is involved, wliether there are one or two sets of arms. Tho 
double sets make the moulding more complicated and risky, 
but in the hands of a good moulder there is little danger. 

There are two ways of making arms ; one ia with dry and 
the other with green sand cores. Tlio making of the inside 
will depend upon whether the outside of the pulley is formed 
with the segment, or witli the sweep. Should the segment; 
be used, the inside of the pulley, when the arms arc formed; 
in dry sand core as shown, will require to be moulded first, 
Boastohaveahearingforthe segment to be rammed against. 
When the arms arc made in dry sand cores, tJie cores should' 
not be made any larger than is required to give them a body 
suthcient to be handled with safety. 

The cut shows one core resting on the bottom level bed, 
which ia formed with a sweep. There is a projection on Hu 
upper side, and also one on the top arm core, so that whi 
both come together they make a hub formed of dry sai 
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cores, and the space between the upper and lower 
filled with green sand. The inside is also rammed and 
formed with green sand wherever the arm cores do not fill 
up. 

When the face of a pulley is wanted more than three feet 
wide, the arms would come so far apart &a to make one con- 
tinuous hub, very heavy, unless the center core should have a 
deep chamber to take out as much weight of iron aa possi- 
ble. Should the hubs be wanted separate, they can be made 
so by using a Sat covering and bottom cores, the same as 
shown at H, H, for forming the bottom and top of the hub 
shown. In order to let the iron run from the top hub down 
and into the lower one, there can bo risers or flow gates con- 
necting the two as shown at A. 

The arm core box, P, is used for forming the hub, arms, 
and inside face of the pulley with all green sand. The depth 
of the box is made the same as the face of pulley wanted, 
and Is spaced off according to the number of ai'ms required. 

A double set of arms can be made with the green sand 
cores, with almost the same surety tiutt a single set can, 
providing the face of the jiulley is not too deep. There 
could be two sets of cores made, one being on top of the 
other. 

The green sand cores could not bo used with safety when 
the segment is used for forming the outside, nor would it 
bo practicable to attempt to use the double set of cores 
unless the outside of the mould was made so that it could 
be Iioisted off, and out of the way, as in tlie plan of the 
brick-loamed mould shown. Tlien set the green sand core, 
using for y()ur guide a mark made on the bed with the 
core sweep, W. AVhcu the bottom set of cores are placed 
on the bed, t]\e upper set of cores can bo placed on top of 
the lower ones without any trouble. In. this way it can be 
seen if there is any crualiiog, and >f the cores can 
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be made up bo that there will be no fins on the easting. 
This core sweep, W, is also used for giving form to the 
gi'een sand that is rammed between the dry sand cores, when 
they are used to form the arms as shown. 

To make the neatest-looking pulley casting, the green 
sand arm cores are the best when they can be used with 
safety, for when a casting is made of part green and part 
dry sand, loam, or cores, each will leave its own trade mark 
on the casting. The green sand part will swell more or 
less, according to the pressure of iron when the mould 
is being cast, but the dried part of the mould will 
not swell, so when the casting comes out it will have an 
uneven surface. The differ&t colors of green and dry sand, 
loam, or cores, on a casting make it look badly; as ii it had 
been made in sections. There are several ways to make a 
covering for the top of the rim and hub, also arrangements 
for bolting or weighting down. The first is to have a level 
dry or green sand cope ; the second, a loam plato*; and the 
third to make some cores to cover the rim, as shown covering 
the hub at H^ and have a cast-iron flat plate to lay inside of 
the covering cores ou top of the sand, or cores, that form 
the arms and inside of the pulley. This plate is used to lay 
the weights on to hold down the inside part of the mould 
when being cast. To hold down the covering cores, small 
weights are used.^ Sometimes the rim is cast all open, and 
the hub and arms, or inside, are the only parts weighted. 

The gating or pouring of such castings is generally done 
(if the center core is large enough) through the center of 
the core to gates cut into the bottom of the print, so that 
the iron fills up the mould by coming in at the bottom of 
the hub ; or by dropping the iron through runners from the 
top, as shown at A. The iron spindle shown, when used 
for sweeping large pulleys should be held at the top by a 

brace stretched across the mould, and fastened to two 
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Upright timbers sunk into the floor three or (our feet away 
from each Bide of the mould. If near enough to the side of 
the building, there could be a ewmging arm made to reuch 
out to the Bpindle, to hold it firm and steady. 

The arm pattern in the eore-box, P, is Bet into the middle 
of the outside frame, and after the core is i-ammcd up and 
ready for the box to be drawn, by hitting the arm at the end 
R, to start it, the pattern can be pulled out easily through 
the huh end, D ; after which the outside box can be taken 
away. 

In making these cores, a cast-iron beveled edge plate, the 
sliape of the inside of the box, and made so as to have about 
1" clearance all around the insfde, is set on a level board, or 
a hard- bed of saud. The box ia then set on, and the 
core rammed up nearly to the arm, which is tlien put intq^ 
the box and the sand tucked under it even and firm. 
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this point the moulder must be careful, as in malting the 
in this way, the arm cannot be got at io finish it, or to 
up soft places after the core is made. The advantage of 
making a core in this way is, that when setting in the cores 
there is no danger of crushing the arms, or of having fins 
on them, which must ho chipped off when the casting comes 
out, which is likely to be the case when one half is formed at 
the outside surfaces of the core, T, T. To lift or hoist these 
cores, there can be lifting-hooks, or nuts cast in the anchor 
or lifting-platea, the lifting-hooks being made so as to come 
up even with the top of the core. When nuts are used, 
long screws, as shown at E, E, are used, and when the first 
core is set in the mould they can be taken out and used for 
the others. 

The cutB 4 and C show the plan of making pulleys with 4 
draw-ring pattern. In this way any face required can bftj 
moulded from the same pattern. 

At (i is shown the mode of casting a pulley having -.\, face 
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widur than the pattern. In moulding thiaa hole ia fi 
in the floor and the ring pattern act in, leveled and rammed 
up to about the center of face required. The loose arm and 
hub arc then bedded in. The dotted lines sliow the distance 
tiie ring pattern litis to be drawn, in order to hitve the arms in 
the center. Tho pulley can be cast with the rim open, or 
covered witli a cope, as desired. It ia best to make tJie faces 
about S'' higher than wanted, so as to give stock for the ma- 
chinist to true up. 

The huh shown ia arranged to readily change the core 
prints to any size wanted. The hubs have a bole drilled 
through their centers, the same diameter as the holes in the 
center of the arm pattern, and tliere are wooden plugs driren 
into the hubs which project on the side or face that comes 
next to the arm, and centers the huh. The core prints have 
also projections turned on them the same diameter as the 
liole in the hubs, so tliat a moulder working on pulleys need 
not bo running to a pattern-maker eveiy time he Tvauts to 
change the size of prints. 

At 4 are shown two ways of making tho anchor or lifting 
plates. One style has a wrought bent rod cast in them, 
reaching from one plate to the other. Tlie second plan is 
to have a Ciist-iron rib reach from one to tho other— a jilanl 
adopted, and find it to be more reliable and to make a Btiffer 
plate than the wrought-iron rods. The oval, black spots 
represent the arm between the jjlatea, 

Wlien a double set of arms are wanted in smaller pulleys, 
there are a number of ways in which they can be nioidded, 
but as a general rule, foundries do not rig u]) to make douhio 
arms, tlierc heing so few ordered. When one is wanted the 
rigging is got up with as little labor us possible. In home in- 
stancea tho lower set of arms is made with cores, or a flat 
core is made inside the ring pattern, having one half of the 
arms and hub foi-med in it, and the '■alf is bedded in 
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green sand. Before the arm pattern is drawii the flat ccro 
is set over the arms and staked through holes made in thf 
core between the arms. The core is then taken out and the 
pattern drawn, after which the arms arc flniehed and the 
core set back, Tlie piiUey is rammed up to wlierethe ujiper 
arms arc wunted, and the I'cst of tlie moulding is the same 
aa in making a pulley with one set of imns. Another way 
of making the lower set of r.riiia is to have single cores with 
hah' the arm and hub formed in them, and when the arm 
[lattem is drawn the single cores are placed buck, guided by 
stakes or sand-niai'ks made by laying the core on top of 
each arm before the pattern is drawn. 

Although using the colics as described is a quick wav of 
forming the lower set of arms, it does not produce its good 
looking casting as when thoy arc formed by the following 
plans. In some cases fonnclriea have used a regular anchor 
plate for the bottom set of arms, and when the castings 
come out the anchor plate had to be broken in order to 
get it out of the casting. "When there is time to make the 
rigging, loose plates having imta for screws, or lifting-hookf. 
cast into tliem, are used. These ])lates are set between each 
arm. and the pullej' rammed up 6" or 7'. 

A plate having holes to correspond, so that the screws 
or hooks can i>a88 up through and be wedged, is bedded 
on the sand. The pully pattern is then drawn and the flat 
plate, having all the loose plates wedged up to it, is hoisted 
out. The arm pattern is drawn and the core lowered back, 
after which the pully pattern is gently set back. The 
wedges are now loosened, the flat plate taken out and the 
npper arm and the rest of the pulley is rammed up and fin- 
ishctl. 

Another way is to have holes in the upper anchor plates, 
an d by having two seta of arm patterna, ram up the whole 
ley. Long bolts with threads cot on each end are used 
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to bolt the lower loose plates to the top lifting-plate, by 
which the whole core is hoisted out and the lower arm fin- 
ished. The core is then lowered back and the nuts ti^ken 
off. TJie top portion is then hoisted out and the upper arm 
finished. The bolt holes in the sand are enlarged and the top 
portion lowered down to its place. 

The following dimensions are from what are termed a light, 
a medium, and a heavy set of pulley ring draw i)attems, 
from 10 ' up to 48' in diameter. The face of these patterns 

LIGHT. 
Diameter. Thickness. 

10" ^Y 

48" if 

MEDIUM. 

10" ^" 

48" f .il" 

HEAVY. 
10" if 

48" :|f " 

generally runs from six to ten inches, and, to draw them, 
holes are drilled through the pattern within J" of the top, 
and liooks instead of screws are used. In making a set of 
these patterns tJiey could be swept up in loam, or in green 
sand, by using a segment attached to an arm having a hole at 
the radius wanted, to ^x on a stake driven into the sand ; 
or the arm could be attached to an iron spindle. 

There are some things that a f oundryman should think of 
before starting to make a set of draw patterns. One is, that 
a poorer grade of iron can be run into heavy pulley castings 
than into light ones. Should a No. 2 iron, that can be 
turned in a heavy pulley, be run into a light one, he might 
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be looking for cracked arras, or a blessing from tlie mnchiii- 
ist that tried to turn them. Whore comjielHion is sharp 
it IB best to have a light and a heavj set of jiuttenis, so that 
customers can have their choice ; but if you cuu make them 
believe that a heavy pulley will wear longer, it will Ijo more 
money in yourj>ocket. When an cBtabliehmtnt intciida to 
make nothing but pulleys, it ia better to bo iiltod up with 
what are called split pulley patterns, which require a pattern 
for every width of face wanted. They should also have the 
best of flasks to make them in, liy which means they ciin he 
made very fast. But for the jobbing foundry, the draw pat- 
terns are the best, as fewer patterns and flasks are needed, 
and the espenae is nothing compared with the cost of get- 
ting up a stock of split patterns, and the necessary Husks. 

For the proportion of either straight or crooked amis, 
there con be found full figures given ) j Chordal in the 
Amehican Mac'iiinist, July 33, 1881. 

As regards the shrinkage or cracking of jiulley arms, I 
will say, to prevent the arms cracking select iron hav- 
ing the least possible shrinkage. In my ])ractice, when 
there is a car of No. 1 iron sent to the shop, I always test 
it by melting one charge in the small cupola. At tJic cceond 
tap I catch a hand ladle full and jiour a 1" square bar five feet 
long, and when cool, should the bar have shrunk more than 
I", there will be danger of large ligjit pulleys cracking if 
made from it. To determine if soft when i-emelted, I have 
some poured from the same hand ladle into some little test 
moulds, having one side of the mould formed witii an iron 
chill, and when cool the pieces are broken and tested. 
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FINISHING GREEN SAND MOULDS. 

Go into any machine or jobbing foundry, and notice 
moulders finishing or patching moulds that have been broken 
in drawing the pattern, and you will see some one mending 
a corner, for instance, that has been started or bi-oken, by 
taking his swab and wetting the part to be patched, and then 
taking some sand and pressing it on the top of the wetted 
part. Another moulder, not having so large a piece to mend, 
will swab the part, and then patch on sand with his trowel ; 
or he may be finishing a cope overhead, when ten chances 
to one he will be raising his trowel for rubbing sand into the 
holes, and every time tlie trowel goes with a bit of sand it is 
sleeked up against the smooth surface, caused by the pressure 
and sliding movement of the trowel. Although he will see 
the sand falling down, as fast almost as he puts it up, he will 
keep on trying until he thinks something is the matter, then 
he will tell his helper to get him some nails ; that the sand 
is so rotten and poor it will not hold together. 

He will then push up some nails to hold the sand. N'ails 
are a useful article, but some moulders will make a casting 
without using one, while another, in making the same cast- 
ing, will use two or three pounds, and, perhaps, if he did not 
use them his casting would not be good. Some moulders 
will ram up a mould in such a manner that it will not re- 
quire half the finishing it would require if rammed up by 
another. 

If a moulder thinks he has more time to finish tlie mould 
than he has to ram it up, he will hurry or slight the ram- 
ming ; or he will do this, perhaps, * ''o catch the use 
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of the crane, or to get ahead of some moulder on t 
pile, etc. As there ure plenty of nuils iu Iho kegs, he will 
whisper to liimself that lio will not bother putting 
that comer, or be particular in ramming it ; for if the pat* 
tern when di-awn starts or knocks off the comer, he will have 
plenty of time to patch and nail it. Or lie may ram, rod, 
and vent the bottom in a ei'edltabk' manner, and slight the. 
cope, by not tucking the burs good, or ramming upthegund 
Bolid, and when the cope is lifted off, and a liirgo lump of 
Band falls ont, he will think of the nail keg and smile. Should 
the foreman complain about using so many nails he will toll 
him that the crane jumped, or th;it the old wooden Husk had 
ought to have been broken up long ago, and if times are good 
and men seurce, the foreman, to avoid any words, will walk 
away, and in a short time he will order the nail kegs to ba 
locked up and carry the key in his pocket. 

About the first thing w moulder should do aiWr his cop6 
is lifted off — when the pattern is bedded in the floor — is to 
lay some boards around on his joint so aa to preserve it, aa 
there is nothing that looks so slovenly as to see the joints of 
moulds all trampled and cut up by kneeling on them when 
finishing. 

In drawing out a pattern, the top edge of the mould is 
always started more or less, and it is the first part that the 
moulder should give hie attention to, by getting it sleeked 
or fastened down to it original place. In finishing over the 
mould, if there are any parts that look started, it is beet, il 
practicable, to tear them off instead of just pressing the 
Band back— even if there are some nails in it — and rebuild 
or patch it up, not with sand on the trowel, but by using 
the hands to press the sand with. By using the hands a 
inoulder can unite and shape the soft loose sand on the solid 
sand in a shorter time and in a great deal more reliablei 
manner than by ])atehiug it on with a trowel. Ho' 
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more mechanical it looks to aeo a moulder, when mendijj 
cope overhead, take the sand in his hand instead of o 
point of a tmwel. 

When the parts arc made solid take a little wooden si 
edge, shape and smooth off the extra sand, and go li^ 
over with the trowel or finishing tools. In patching t 
sand a moulder's fingers never caused a cold shut or scabby 
casting; but too much sleeking with tools often does so. In 
sucli castingB as thin pipes or plates, it is better to have the 
fingers go easily over the sleeked or finished mould, and then 
rough the surface up a Httle, as iron will lie quietly on a 
rough surface, when it would boil or bubble against a 
smooth, sleeked surface. 

If any part of a mould to be mended is too dry for the 
sand to stick to, dampen it by taking a monthful of water 
and blowing it out in a fine spray. AVhen water is swabbed 
on an extra dampness, or mud, is formed, so that when the 
hot iron is poured into the mould, although it may hayo 
surface sand the right temperature to lie on as this surface 
gets heated, the heat soon reaches this extra dampness or 
mud, and, as heat, when it comes in contact with dampness 
is sure to raise steam, and the sand not being of a body 
strong enough to hold the pressure, it will escape by lifting 
the sand on top of it, and passing up through the iron 
■will cause it to bubble, and cause the casting to blow. 

If the swab is used it should he only on the surface, for 
then, wlicn the steam is made, it has only to raise the iron, 
to pass up through, and, if there is a scab on it. it will he a 
very light one. 

I"or heavy or light casting sleeking or swabbing must te' 
done in an intelligent manner, if good castings are expect 
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The surface condition of a green sam' 
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is being ponred into tho mould, entirely depends on the 
miiture and nature of ilie sand, and the beat it is euhjected 
to. Any section of a cope sarface that ia eiposed to the 
direct heat of the metal for over twenty seconds, reqaires 
the sand to be strong and close and gaggered well, having as 
little sand under tho guggers as possible, to keep the sand 
from been drawn down, I noticed in a recent issue of the 
Machinist, the assertion made that, with a plate 2" or 
more in thickness, the cope will be baked hard as a brick 
by the intense heat before the iron reaches it. I only wish 
tliat such was the ease, for it would save work and anxiety 
for the result of many large castings. I have made moulds 
in green sand that were not safe to cover with a green sand 
cope, and have covered them with a loam plate, fearing that 
the green sand would draw down. This ia caused by the 
sand exposed to the heat getting dry and dropping down on 
tho rising iron, which, when the caisting coniea out, shows 
lumps and sand-holes in the cope part. There are several 
ways of securing a cope surface, to a great extent, from 
drawing down. Forinatance, mix some ilour in your facing 
sand ( about one to sixteen or twenty ), or wet your sand 
with clay wash, and, before closing the cope, sprinkle the 
surface over with molasses water, or beer. 

Above everything, keep your risers and feeding heads air 
tight, so that there is no chance for the air in the mould to 
escape, except through the venting and the sand. Then the 
rising metal will compress the air above it sufficiently to 
keep the sand from being drawn down by the heat, if the 
mould is not too long in filling up. so that the pressure ia 
released by the air having time to escape through the vent- 
holes and the sand. There is also such a thing as pouring 
a casting too fast, so as not to give the air a chance to escape 
OS freely as it should, thereby lifting your riser cover and 
weights, and letting the ^ir rush out and start your mould 
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blowing. I have made castings where I have nailed the 
surface of the cope over with nails, keeping the heads about 
ono-eighth of an inch below the face of the sand, and in 
some cases have had the nails even with the face of the 
mould, so as to insure the cope against being drawn down. 
When not feeling sure of this, I have made the facing sand 
strong with flour, and wet it with clay wash, and when the 
cope was finished, made it very damp with molasses water, 
building a fire with shavings and chips under the cope, 
until the surface of the mould was dried like a dry ssmd 
mould. When I thought that none of these extra precautions 
would keep a green sand cope from getting dry or burnt, I 
would then use a loam or dry sand cope, or covering. 
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lOTTIiDING BETEL AND SPUE WHEELS IN 
GREEN SAND WITHOUT A PATTEllN. 

Gear moulding is eomething that nearly every jobbing 
1(1 machine foundry has Bomething to do with. Gear 
fieels ure often broken in use, nnd are readily repluced if 
e patterns arc at bund in some foundry near by. But 
hen to replace them it is necessary, as is often tlie case, to 
ind a good ways, there is generally great delay before the 
iBting is received. 

Some mills and factories keep in stock wheels to replace 
lose that are liable to be broken, which is a very good plan, 
the expense of carrying a few wheels is trifling when com- 
ired with the loss of having a maehine, or sometimes the 
itire works, shnt down until a new wheel is procured. 
The cut represents a plan for moulding or sweeping up a 
el wheel, the pattern work for which can be made in a 
J short time compared with that required to make an 
re pattern. The sweeps and segment could be made one 
ly, and the gear cast the next day, unless in the case of a 
cge wheel. The advantages of sweeping up such wheels, 
iere there are only one or two wanted, is the saving of 
aking a fall pattern, and the saving in time. Of course, 
takes more time to mould a gear with tlie sweeps and seg- 
ents than where a full pattern is used, bnt this extra time 
nothing compared with the labor required to make the 
itteni. 

Jn sweeping up gears in this way the spindle seat is first 
ik and trued up, and, if the wheel is large in diameter. 
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it is beat to have the top of the spindle lield firm, by having 
a brace attached to it. Then a coke or cioder bed is placed, 
as shown, lifter which the sweep Xis fastened to the spindle. 
A bed for the hub, B, and loose anuE, P, also for the inside 
face and the top surface of the teeth, is swept up, and, at the 
same time, the joint is also swept. The hub and loose arms 
are now set on. The surface of the bed and joint having 
been well sprinkled and sleeked up with parting sand, tlie 
cope is set on and rammed up. Wlien the cope ia lifted off, 
the sweep 8 is fastened to the spindle, having the edge S 
just bearing on the joint, so that when the sweep is revolved 
it will not disturb it. If the joint is disturbed it will leave 
a fin over the tops of the teeth, 

The depth of the teeth and rim, also the thieknese of the 
plate or web, as well as the hub core print, are then swept 
up. The segment Y, having an arm screwed on to it, ia 
then secured to the spindle, as shown, and the teeth are 
rammed up. The tops or joint edges of the teeth are better 
for having some long slim nails pushed through the sand. 

The vents should be carried into the cinder bed, instead 
of being carried off at the joint, as is generally done when 
there ia a full pattern to mould from. TIic reason for nail- 
ing and venting in this way is that when the cope is lowered 
down, to see if any of the teeth will crush, if some of them 
should touch hard, the nails will help to hold them from 
being broken, or from sticking to the cope when it is hoisted 
oS again. If vented at the top, the fins, of which there ~ 
be more or less at the tops of the teeth and at the joint, iril 
be sure to get into the vents ; but when carried off through 
the cinder bed, the joint all around the flaak can be rammed 
so as to prevent any run-outs and biirninf^ the flnsk. 

There should not be less than six teuth on the tooth seg- 
ment. The more teeth, the quicker will the moulder get 
the teeth rammed np. 
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Great exactnesa is required in sweeping up gear vheela 
after this plan, in order to get the right number of teetli, 
and also to have the last tooth rammed nj) of the same 
width andspaceaa the others. After the bed for the segment 
to ]ie on is swept out, it is best to go ui'otind with tlie 
segment, mai'king tlie ends of the teelh on the bed, so they 
may be counted, to make sure of having the last tooth come 
riglit, before starting to ram up the tcetli. fKand D show 
the last tootli, which is liable to eomc larger or smaller, 
when the diameter is not sot exactly right. AVhen marking 
off on the bed before ramming up the teeth, should the last 
tooth be found to leave too hirge a space, as shown at D, the 
diameter must be made less. Should the sjiace be too sm^, 
as shown at IT, the diameter must be increased. 

The amount that (he radius is changed to bring the last 
tooth right, is approximately onc-aixlh of the measurement 
that the tooth is too large or small. Should the space be 
■J" (or f") too large, the radius should he made j'' smaller, 
after which it is best to go around again and see if the 
change has made it right. 

The cut fl shows the process of sweeping up a spur wheeL 
A level bed is first made, and then the tooth segment fast- 
ened to the ann, which is of different shape than the one 
shown for sweeping u)) the bevel wheel. The collar, which 
is for supporting and allowing the arm to revolve around on 
it, is held firmly by the set screw shown. After the teeth 
are all rammed up and finished, the dry or green sand 
cores can be set on the level bed to form whalever style of 
arms are wanted. The arms are shown at A. The spindle 
is then taken out, the hole filled with sand, and the center 
core set in. The mould ia then ready for the cope to be 
set on. 

The cope shonld be rammed up on a level mould board, 
or on a level bed of sand. Aiter tY --as been tried on 
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and off it is then set back, or closed on for the last time. 
The weights are then hoisted on, and the bars wedged down 
if necessary. The pouring basin, or runner, and feeding 
heads are made, after which the mould is ready to be poured. 
Referring to the spacing of the teeth in such a way as to 
come out correctly — that is, to have the last tooth and space 
of tlie same dimensions as all the others— care must be taken 
when ramming up and changing the segment. The best 
plan is to depend upon the marks made at tlie ends of the 
last tooth on each side ; then, since by ignoring the marks, 
guiding altogether by setting the end segment tootli up 
against the face of the last tooth moulded, there is danger 
of having a thin or thick tootli at the conclusion, after these 
marks arc correctly made, it is best to cover them over with 
pieces of board, paper, or anything to prevent them from 
obliteration. Another plan sometimes adopted as a guide 
for changing the segment, is to shake out flour on the sand 
bed, so that when the segment is lifted a perfect impression 
of the teeth is shown, and by carefully keeping loose sand 
from the bed there will be correct impressions on the bed by 
which to reset the segment. 

3 
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IMPROVEMENT IN MOULDING GEAR WHEEU 
PULLEYS, Etc. 

pROB.iBLY in no bra,ni;h of tho iron business has so little 
been done to assist, by mechanicul iipplianccs, tbe skill ot the 
workman as in that o£ moulding. In tbe main, tbe moulder 
goes ftboufc his work to-day Bubstantially as he did thirty 
years ago, his success depending on hia skill in the use of the 
simple tools then known to tbe trade, rather than to the 
advantages of new appliances. 

Aa showing, however, tiiat some thought has been ex- 
pended in the direction of improved methods of moulding, 
we illustrate herewith a patent device of R, B. Swift, of 
ClevcUnd, Ohio, a practical moulder of long ejcperienee, 
for moulding such work as gear wheels, (lulloys, and similar 
pieces, from a sectional pattern, which we are informed has 
been adopted by some large manufacturing concerns to their 
satisfaction, not only in the saving of time, but in the qual- 
ity of the work produced. 

In drawing the segmental pattern used in making a casting 
there is always the danger of tearing up tlic mould. Fur- 
ther, it is sometimes very desirable to make a casting in 
green sand of such form that it would be impossible to draw 
the segment directly. Tiie object of this device is not on^ 
to provide against the breaking down of a mould with a 
plain pattern, but to provide for using sectional pattemB ol 
such forms as cannot be directly drawn, such as crowiir- 
faced pulleys, grooved friction wheels, etc. 

Referring to the engraving, which represents a mould in 
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procesa of being made, the use of this device may be ex- 
plained. The segment pattern ia shown attached, and, as 
will be noticed, the spindle ia embraced by two half boxes, 
which are niadu to accurately fit it. These boxes are fitted 
to be moved in jaws by means of the screws E, E. lu use, 
the segment pattern — wliat«vcr it may be — ia screwed in 
place, as shown, so as to sweep appruximaidy the jirojier 
ladiue. The spindle being in position, the radius ia cor- 

r, so as to be exacUy right, by Tiu'ans of tbf: tw<i iidjust- 
mm 
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ing screws referred to, the manner of doing this being so 
apparent as to need no explanation. The advantage of this 
almost instantaneous means of adjustment will commend 
itself to any one accustomed to doing this class of work. 

This feature alone would seem sufficient to demonstrate 
the value of the de'vice ; but perhaps the most valuable 
feature is its adajitation to the following purposes : Let it be 
desired to make a ousting which has some projecting parts 
that would render it impossible to draw the segment straight. 
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In this case either of the Bcrewe may be turned back, drawing 
the pattern either towards or away from the center, as may 
be desired, until it is free to be drawn without the possible 
danger of breaking down the mould. When used in this 
way the opposite screw to the one being used remains station- 
ary, and serves as an acnurate stop or guide by which to 
quickly reset the segment. 



The methods or rigging? for moulding, illustrated in this 
article, are those in use for moulding gear wheels and pul- 
leys ill the shops of the Cuyahoga, Works, Cleveland, Ohio, 
and which I am kindly allowed to present by their permis- 
sion. The upper cut shows the process of moulding a spur 
gear wheel having a top and bottom shrouding on it, using 
only a small segment and arm core box to form or make the 
casting f iwui. 

The differeneo bctwQGii mouldinga wheel having a shrond- 
ing and one that has none, will be better understood by 
referring to the article entitled " Moulding Bevel and Spur 
Gear Wheels in Green Sand, Without a Pattern," published 
in the AmtTicaa Machinist, March 25, 1883. In mould- 
ing this shrouded wheel, the tooth segment X requires to 
have one tooth loose and long enough to come down on the 
sand bed, so that every time the segment is drawn it can bo 
replaced exactly, according to the marks made on the sand; 
as described in the article referred to. The flat loose seg- 
ment K, after the level bed is made and spaced off, is set 
on and the tooth segment is set on top of it as shown at 1 
The teeth are then rammed up and the tooth segment drawn, 
after which the segment shroud is drawn in, and then 
placed and the tooth segment reset. Then more teeth 
rammed, and so on until the circle is completed. 

To form the top shrouding on the wheel, the sweep 
secured to the spindle »■■ " -olid hard bed is ?w'ept up, 
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shown at A. The outeide edge, 4. could be fuinied by 

having wooden segment pieces laid all around, if bo dt-aiivd, 

although this ia seldom done. After this bed is finished, the 

cope ia set on and rammed up, and being well staked, is 

then lifted off. A hole the right diameter and depth is 

then ditg out, the bottom hi'd swept up, and the teeth and 

lower shrouding formed as described. After ihia, green or 

dry sand cores are set in to form the arms and hub, and the 

eopeisclosedon, having the stakes as shown at Ffor a guide. 

Mr. J. F. Holloway, the president of !he Cuyahoga Works 

has designed a spindle for each dusa of sweeping, that will 

not shake or turn over from the weight of a heavy sweep. 

The apiiidle is made of a heavy tube from 3'' to 4" diamet«r. 

The outside ia trued nji and the ends faced off. The spindle 

seat, W, is boi-ed oat straight so as to be a good fit, and the 

hollow spindle ia set into it. At the bottom of the spindle 

Bent there is a f or f hole bored, and a thread tapped in it, 

and when the spindle ia set in, a turned washer, having a 

projectionaet down into the spindle, is placed as shown at S. 

Then the long bolt, having a head on one end and a thread 

on tlie other, ia set in and screwed down tight. By this 

means a spindle from six to eight feet long can he held as 

firmly aa if there was an arm or brace attached to the top of 

the spindle, aa is genci'ally done with spindles thiit have 

heavy sweeps attached to them. 

The nest improvement, and one that ia worthy of note, 

I JB Mr. Swift's (the foreman of the works) rigging for 

■boulding double-armed pullays, entirely of gi'een sand. The 

Bnt represents the lower arm aa being moalded. The draw rim 

^nitem has been drawn and the core hoisted up. The arm 

^nd liub pattern ia then drawn, and the core lowered down 

^Kto place. The draw pattern is then set back, and the iron 

^■Larondcn wedges, Nns:. 2, 3, 4, 5, 6, 7, are withdrawn. The 

^^P lifting plate is tlien hoisted olf, tlie loose anchor plates 
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remaining down, after wliicli the upper arm and balance of 
the pulley is rammed up in the ordinaiy way. IiiBtead of 
hoistJug these cores with a chain, as shown, there is a three- 
winged cross used. 

The cut J} shows a plan of the lifting plate having one of the 
loose anchor plates wedged up to it. I think that the advan- 
tage of this rigging can be seen without further description. 

The nest and lower cat shows the manner of moulding 
some large pulleys, which were east in segnienta and bolted 
together. IVIicn these pulleys were completed, they were 
found so tnio that they were only ground on the face by 
using a stone suspended by a rope. 

Ill moulding these aegmenta there was a full jattem used, 
but the outside face of the castings was formed by using an 
iron cawing, well filled with vent holes. On the casing there 
was about 1" thickness of loam swejit, the process being 
shown at M. While this is being dried in the oven, the 
inside, arms and hub, of the casting is moulded in green 
sand, as shown, tlie top of the pulley being kept about even 
with the level of the floor. After the lower half of the seg- 
ment is rammed up and the joint at the center of the arm 
made, the iron cope is set on, rammed up and staked. The 
screws or bolts that are for holding tJie arm and face pattern 
together are then loosened, and the face pattern drawn back. 
After this the cope is hoisted ofE and the arm pattern drawn, 
and this part of the mould finished. The cope is then 
lowered down to place, the face pattern set back, and the 
balance of the mould rammed up. The face pattern is again 
drawn back, and this inside part of the mould finished, 
-when the casing is taken out of the oven, lowered dovm, ae 
puehed up against joints and 
_ U3k of it to the level of tbe,', 
fcihen set on, and the motUifl 
Hiring. ^ 
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VENTING GREEN SAND MOULDS. 

Venting a mould with a vent wire is done to allow the 
escape of air and gasea in the sand, together with the st 
generated hy the liquid iron coming iato contact with damp 
sand. New sand will not litand ramming as hard, and needs 
more venting thitn old sand, by reason of the additional 
life and gases in it. Sand mixed with sea coal or minerals 
needs still more venting because of the increased gases. 
Were it not to provide for the escape of these gases, air, and 
steam, moulds could he rammed as hard as iron, and have 
no blowing or scabs. The bottom part of a mould requires 
the most venting, because it is the part which takes the 
longest time to be covered with a body of iron, and when 
covered, is surrounded mostly hy the iron. 

Plain copes are vented more to allow for the easy escape of 
the air confined in the mould, than for the escape of gases 
or steam in the cope sand. Plain coped work, poured with 
hot iron, requires less venting than if it were poured with 
chill iron, as the hot iron has life enough to forae the air up 
through the pores of the sand. If the iron were dull, 
the compressed air at some spots, not finding as ready 
relief, would hold back the iron, and by the time the press- 
ure (or the au') escaped, the iron would he frozen, so that 
when the casting came out, it would show smooth, flat 
hollows in the cope part. 

There is very little difference in venting plain copes for 
heavy or light casting, as regards the closeness of the vents. 
Light work should be vented to the surface of tJie mould. 
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'as to allow tJje air to escape rapidly, while heavy work thi 
reqiiii'es a pressure of air to keep tlie cope from being drai 
down, should be vented one to three inclies from tlie surface, 
Copea having any pockets, flanges, or projections in them, 
require such places to be well vented. Moulds poured very 
fast require the same treat men t. 

I shall never forget an incident that occurred in a shop 
where I waa working some sixteen years ago. It was before 
1 had' made up my mind to study cituse and effect in 
foundry work. A moulder, doing some of the best work in 
the shop, was mukinga plain cylinder flatwise ; it was about 
two feet in diameter by three feet long. He had a full split 
pattern with which to mould the outside ; while for the in- 
side the core was made on a wooden core barrel, full of 
small vent holes, with nails driven into it to hold the sand. 
The core barrel had iron trunnions on tho ends, which 
rested on iron horses, extending out so as to hold the swoc]>- 
ing board. The sand was packed with the hands in the 
botrel, and the sweep made the required diameter. The first 
two or three castings that he mudo were lost, on account of 
the top portion of the core lifting up off the barrel. The 
man did everything he could think of to save them, using 
longer nads, making his sand tougher, and using very thick 
clay-wash. Above everything, he gave great attention to 
having the vent fired while pouring. In making the next 
casting, through aonio excitement, the vent was not lired 
until the mould was full. This casting, to the astonishment 
of us all, was a good casting. Tlie cause of the previous 
trouble had been in firing the vent before the mould 
was full, causing an explosion which burst the core. 

There are moulds thiit require a beil of cinders under them, 
nnd it is as essential to know at what time the vents should bo 
id as it is to know how to vent the mould. T 
a mould having projections, green sand core. 
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tion that the iron does not cover for gome time whei 
going into the mould, it is here sometimeB best not to haverl 
the vent pipes lighted until the mould is full of iron, and fori 
such classea of moulds pipes of u large diameter are better,, i 
and at least two pipes should be connected with a cinder b 
since by bo doing the danger of the vent exploding ia avoided. 
Two outlets will also cause a freer circulation of air, and in 
so dangerous a cluss of moulds, the vent pipe should lie 
located wliere there will he no danger of flying sparks of iron 
entering them while the mould is being poured. When the 
vent explo<le3 before all the bottom surface of a mould 
ia covered with iron, the pressure of air and foul gas created 
finds relief with a sudden force, and presses itself into 
all openings and available spice, so if all the bottom 
surface of the mould be not covered, such explosion will 
drive the air and foul gases througli tlie vent holes, and 
be likely to lift or start any portion of the mould- that 
may not be covered with iron ; the result of this would give 
a scabbed casting, or would start a mould to blow. When- - 
ever vent pipes are lighted for an ordinary line of casting, 
they should bo lighted at the top of the pipes, for by so 
doing the current of explosive gases is drawn from under the 
mould to the pure atmosphere, where they can escape and 
burn freely; and if these gases cannot be drawn to the top by 
burning shavings at one aide of the top of the pipes, it 
is best not to fire at the bottom of the pipes, hut wait until 
the mould is full oE iron. A good supply of vent wires of all 
sizes is needed by every foundry, since their liberal use has 
saved many a casting that would otherwise have been lost 
through hard ramming, or wet or inferior sand. 
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MOULDING KETTLES WITH A DRY SAND 
AND GREEN SAND BOTTOM. 

Ordinary kettles are iisiially made in loain, having the 

bottom cnst np. The eiigraying shows a pltia of cuating the 

bottom down, which will make a sounder kettle, that will 

last longer than one ciist with tho bottom np. The size of 

this kettle was about six foot diameter and throe foot doep. 

The outside was sivept in the floor with green sand, and the 

I inside was made in dry sand, swept up on the carriage and 

I dried. The cope was made in two sections, and bolted to- 

I gether us shown. The reason for doing this vas, that the 




itrickers were too long to drive and make a good plate ; alao, 
iie ling X, formed of two puUy patterns, made a atiffer 
plate than one cast flat. 
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In getting up thia rigging there are two improvementa ] 
made, and fuund them to be of value. The flret was t' " 
mode of turning tlie coi>e over ; and the second, a p 
closing the cope down true on the bottom. 

Instead of sweeping a face or seat on t!ie bottom and 1 
corresponding one on tlie cope, to fit into it, as is nsually ' 
done for Buch work, and which ia shown at B, I had a liole 
east in the center of the plate, one-fjuarter of an inch larger 
than the size of spindle, and leaving the spindle in its seat 
H, the cop<3 waa lowered down over it, and when within an 
inch or so of being down to its place, we saw that the space 
between the joints was alike all around. Just before the 
two joints tonched each other, we saw that the spindle waa 
in the center, as shown at D and P. In doing the job this 
way, if the spindle i» in the center of the hole when the cope 
ia swept up, you can rely on the casting having an ecjual 
thickness all around. After the cope is lowered to its place, 
drive down some stakes at the four handles, take out the 
spindle, hoist off the cope, and fill up the spindle hole with 
green sand. Then lower down the co]»e the second time, 
using the stakes for a guide. 

This plan saves work in sweeping out seats or guide faces, 
which usually takes a deal of time, and when done are not 
reliable, especially in large loam work, as the expansion of 
the plates when heated in the oven will crack and displace 
the brick-work more or less, causing the seat to be out of 
true. 

In sweeping up the cope, coke and cinders were put in 
around the prickers, so as to leave about ten inches of sand 
on top of it. At the joint where the short prickers are, fine 
cinders were used. 

The dry sand used for sweeping up the cope was made 
very open, as close sand will not make so smooth an inside. 
As the casting was only 1" thick, after the form was roughly 
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swept, some gaggers were driven into it, so as to hold the face 
of the mould from dropping, should it get jarred or cracked 
when being rolled over. 

The rigging generally used for rolling over such copes as 
this is shown at 2, 3, and 4. The trunnions 2 and 3 should 
be cast below the level of the plate, to balance the weight of 
the sand and plate, and when turning throw a rope over the 




lifting beam, and hitch on the handle 4. In this way the 
plate can be let go over easier than if left to turn on the trun- 
nions alone. 

When there is a heavy body of sand, or when the plate 
is large in diameter, the following plan is the best : Hitch 
the chains into the handles, 7 and 8, and let the foot, 
Ky which has a wooden roller bolted to it, rest on a strong 
plate or block of wood. Then, as the crane is hoisted, the 
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roller will cause the plate to turn oyer with ease and steadi- 
ness. Should there be any fear of a jump when the plate is 
on the balance, pnt some blocks under the foot K to catch 
it ; also have some men with long sticks to reach the top 
handles to steady it over. 

Why I give the preference to this plan for turning over 
plates is, that the plate is resting on three bearings, which will 
spring it less than when it is turned over with two bearings, 
as when rolled over on two trunnions. 

In sweeping or moulding the bottom in the floor, a, coke 
bed was laid under to carry the vents, and the sides were 
swept up first, a space being kept open around the bot- 
tom for the moulder to stand, and for the sand to fall into. 
When the sides were finished the bottom part was sw^t up, 
and the casting gated as shown. For a pattern two sweeps 
were made, one for the bottom and one for the cope. The 
cope plate was cast 2" thick, with plenty of vent holes in it. 
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^^^^DRO 

^P The expression "dropped," or "fell," miiOe use of in a 
foundry, will turn every moulder's eyes in the direction in- 
dicated. Even if he is dniwing a fine tooth gear wheel, ten 
chances to one he will give a squint to see who isthe viotim, 
if it knocks down every tooth to do it. Why it is that this 
is the case, is only known to niouldera. There is nothing 
that will cause the countenance of a moulder to change, and 
that will make him look as if he had lost his last friend, so 
quickly, aa to have all, or a portion of the cope of a mould 
which he has boon working on for a day, or perhaps two or 
three days, dro]i out when he is closing his mould. 

If the cope is closed hy hand, this may be caused by not 
lifting it level and steadily ; or if hoisted with a crane, the 
chain may jump. One or the other of these is about the 
only excuse a moulder can make for such an accident. 

The foolish manner in which some moulders will gaggcr 
copes will cause them to droj* quicker than if they had never 
put a gagger in them. 

Not long ago, an old moidder was ramming up a cope that 
had fallen out with him, and going to see what was the mat- 
ter, I asked liini what made it drop. His only answer was, 
"It fell out." I told him, by the looks of things, there was 
no question ahout that part of it, and seeing by the manner 
4v)iich he was gaggering up liis cope, ho did not know 
t the trouble was, I a.sked him if he knew what he set 
B ui a cope for ? Tic answered, "To hold the 
Taking a gagger and setting it in, I asked him wliich 
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he thought was the heaTiest, the iron gagger or & piece of 
sand of the same JimenBionu ? Well, he thought the gagger 
was. 

I then asked him what cross biira were put in a cope for, 
at which point I Baw he was getting indifferent, and told him 
I was speaking for liia benelit, and still insisted on the ques- 
tion. He answered, " To hold in the sand." Having still 
hold of the-gagger with my hand (for if I let go it would fall 
down), I asked him to give me the longest gagger he had in 
his pile, which, when set in, did not come np 2" between the 
bars that were cut out ; and seeing the questions had an- 
swered my pui-pose, I walked away from a man who was evi- 
dently wondering why he did not think of these simple ques- 
tions before. 

Copes dropping from just such causes are every-day occur- 
rences with moulders wlio have worked a life-time at the 
trade- 
in ramming up copes that have tlie bars cut out so as to re- 
quire gaggers, or should there be a body of sand to be lifted 
with gaggers, the moulder should remember that iron gag- 
gers are heavier than sand, and if he wants to lift a body of 
sand with them, the gaggers should be long enough to have 
Iwo-thirds of their length up between bars, as it is the 
sand rammed between the bars that holds the gaggers, and 
it is the gaggers that lifts the hanging sand below the face of 
the bars, in some cases. When there is over two inches of 
sand to be lifted, there should be, to assist the gaggers, some 
wooden sticks, or " soldiers," as they are usually called — a 
name that mu-st have been derived from the resemblance of 
the sticks, when in position against the bai-s, to a company 
or regiment of men in line. 

I once came neai' getting struck by a green German helper 
because I told him to go to the jiattem shop and get some 
wooden soldiers. He looked at me, and wanted to know if I 
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thought lie was a fool, and to make matters worse, several: 
men working near were laughing at him. Before I could 

get the Boldiera, I had to go for them myself. 

In using soldiers, they should not have too large a sur- 
face on the end that comes next to the pattern, for when 
this is the coise, the sand is liable to drop, or be drawn down 
from them and cause the casting to blow. 

When using soldiers for making heavy eastings, the giiggers 
should be set first, and then a good inch of sand put over them 
before setting the soldiers. When set in this way they can be 
■used larger, which will make them of more service. If there 
is a heavy body of sand to bo lifted, the soldiers can be nailed 
to the cross bars. Wooden soldiers will lift a heavy body of 
sand better than iron gaggers, which can he proved by try. 
ing to pull one of each out. 

When soldiers are used over the surface of light castings, 
their end surface should not bo over f square, and they 
should have a good |" of sand under them. The space be- 
tween wooden or iron bars has a great deal to do with the 
amount of banging sand a cope will lift. 

Co3)e8 that are made for jobbing castings should not have 
the bars over Kixinclies apart, and the bars should be at least 7" 
deep, BO that they will stand to be cut out and still leave 
width enough to be gaggcred. 

Copes that are made for special patterns, if the castings 
arc light, can have nails driven into the chamfered edge of 
the bars if necessary, doing away with the use of gaggers or 
Boldiera for lifting or carrying the sand. For plain, ordinary 
light castings, if the bars are clay-washed and not over j" 
from the face of the pattern, there is little danger, if the 

md is in good condition and rammed as it should he. 

If the sand is burned much, and the moulder is not al- 
to put in new sand enough to renew it, he will have 
to gagger it more, and should select the thinnest and light- 
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est of gaggers. He will also have to ram his moulil harder, 
to keep the sand from droi^ipin;^ out of the cope. 

There are moulders working oq good work who will make 
casting after casting without a holo caused by the cope 
dropping after it ia closed, while others caunot make over 
two or three castings withoat trouble of tliis sort, for which 
till?}- always have uu excuse. 

The way some moulders ram up a flask will be cause 
enough for all their trouble. They will haresome 8" of sand 
in the cope for tlie first ramming, making no difference when 
there are flanges, pockets, or anything else to ram over or 
around, giving every piece the same treatment with a heavy 
rammer. For the second ramming they will have only3" or 
4" of sand to nim through, over which they will spend as 
much time as tliey did ramming the first course of 7'' or 8", 
For a finish, they will go over the top in a loose, careless man- 
ner, and tlion vent it. This may he a quick way of ramming 
up a cope, but it k far ivom being a reliable way. 

In mmming plaincojjes, fromi'' to 5" of sand is plenty for 
the first ramming, and which should bo oven and solid. 
For the second ramming you can put in 7" or 8", and go over 
it in half the time. Then, \ ith a butt rammer, make the 
top solid, for it is the butting that will make the sand com- 
pact between the bars, so as to hold the gaggers or soldiers 
in a lirm manner. In this way you can depend on having a 
good lift, and the sand will stay where it belongs. 

When tJiere are pockets, flanges, or projections to be 
rammed over, a light hand rammer should be used so as to 
ram in and around them evenly, and not get the sand bo 
hard ua to eauBC blowing, but still solid enough to hold the 
sand from dropping. Shoidd the pattern be so constructed 
as to require a deep cope, the same treatment and precau- 
tion should be used so far as dropping ia concerned. 
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MOULDING KETTLES IN GREEN SAND WITB 
OUT A PATfERN. 

Different styles of kettlya reiiuire an entire change in 
the manner of moulding them. In some foundries, where 
they have a standing order for ii sjieciul-Bltaped kettle, tliey 
have good patterns ami other urmngements for making or 
sweeping them up in loam. In making kettles of almost 
any form, there has 
to be more rigging- 
np and expense in- 
curred than in mak- 
ing ordinary cast- 
ings. Loam jobbing 
castings are worth 
more than green sand - 
ones, on account of 
the extra labor, time, 
and fuel ; and in a 
gre-at many instanceB 
they are made in 
loam simply to save 
the coat of patterns. 
One reaeon why so many kettles are nwept uji in loam is the 
expense of a full set of patterns. Notwithstanding tliis. 
however, a set of patterns is sometimes made for a single 
casting. 

The engraving represent* a plan employed in making a 
e which was wanted in a hurry. lustead of sweeping 
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it up in loam, it was awept up in greon sand. The only rig- 
ging needed was the hfting frame A", which was ma^e of 
pulley rings and a few pieces of wood for the bare If, H. 
The holes, Nos. 3, 3, 4, and S, are for bolting the frame np 
to the cope, as shown at T. The size of this kettle wua 
7 feet % inches at the tup, and about 6 feet at the bottom, 
the thickness of which was %'. The sides tapered in thick- 
ncaa from li" up to 1", the depth of the kettle being 2i". 
The casting was poui'ed with two gates, 4i" wide and IJ" 
thick, He shown at W. 

TJie cuts P and 0, show the wooden sweeps laid against 
the spiiidle for sweeping the outside and inside of 
casting. 

In starting to mould a casting like this, it is necessary t 
■have 11 coke or cinder bed under the mould. At B'\9. 
u Beat for holding the spindle. When the spindle is in plac 
and the sweep P fastened to it, sweep up the shape of t ' 
iusiilo as shown at D, lUid, instead of shaking on wetpartinf 
sand to miiko a joint, it is best to fasten paper on the side 
with small nails. Before setting the lifting frame, there should 
bo three thin flat plates, about 6" sfjuare, set on the bottom 
to keep the frame from sinking into the face of the mould. 

After tho frame is rammed up, set in the four bolts. These 
bolts are better to have a nut on each end, which makes 
them nioi-o solid tlian having a hook on the lower end ; as 
when the weight of the core comes on the hook it is liable to 
yield and crack the core. The top of the holtaboye the nut 
should be s/juared for a wrench, to hold them from turning 
around while screwing up the nut. 

At M is shown one of tho four bars of iron resting on tho 
top of the frame and wedged under tho wrought iron bar. 
This makes it certain that the melted iron will not raise up 
tho core, us is often the case. As it ia, should the core rise, 
it would have to lift up all the holding-down i-' -'- - 




HOITLDIKQ SETTLES WIIHOUI A PATTERN. 



^ 




70 OREEN SAND MOLLBINQ. 

When the core or inside ie rammed np level with the joint 
or top of the kettle, then set on the cope, and after it is 
staked, rammetl up, and vented, lay on four roils or bars for 
bolting the core up to the cope, as shown at T. Two of 
these rails are placed side by side, so as to carry the weight 
of two bolts. These bars must have their bearing on the 
sides of the flask, and be raised up high enough to clear the 
wooden cross bars. 

Before screwing down the nuts, place some heavy weights 
on the rails, say as much weight as will Ijcnd down the bars 
equal to what the weight of the core would bend (hem ; 
and, wliile the weights are on, screw down the nuts solid, 
after which the weights can bo taken off. Then wedge be- 
tween the upright bar M, and the lifting bar, and also all 
the wooden cross bars. Bolt up any heai*y core or body of 
sand tliis way, and yuu can depend on thcix) being no ciucka 
or oj>eninga in it. 

After the cope is lifted off, set back the spindle, fasten on 
the sweep 0, and dig out about 4" of sand all around the 
sides and bottom. This will leave room enough for packing 
sand, and sweeping it out the shape of the ontside of the 
kettle, as shown at R. Kettles 13 feet or mora in diameter 
can be made in green sand after this plan, provided the 
building and crane arc strong enough to lift the cope. The 
casting will be as sound and solid as one made in loam — if 
anything, better ; as in moulding kettles of this style in 
loam, the bottom is usually cast up, while this one is cast 
down, which will always make a sounder bottom. 
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MOULDING ELBOAV AND BRANCH PIPES 
WITHOUT A PATTERN. 

Theke are often cases where aparty wants h special piece o( 
pipe ill a hurry, for wliich he is unable to find a pattern. 
Almost any shaped pipe can be made, at very little exj>enae 
tor pattern-making, liy a little extra work in the foundry, 
Let a clear sketch of the pipe iis wanted be given to the 
pattern-mafeer, from wiiicli he will make a plate pattern 1^ 
inches wider than the outside diameter of pipe, tlie extra 
width forming a lieuriug for the bwcciis, A', which are to form 
the core ami thickness of pii)e. This pattern should have 
pieces nailed on where the flanges are wanted, as shown at B, IS, 
and an extension of five or six ittchos beyond all flanges for a 
core print. From this pattern cast two open sand plates. 
These cannot he counted as involving extra expense, since 
they would have to be made if the core was rammed in a 

■ regular core box. When all is ready, ram the core sand a little 
larger than the size of core wanted, and take the smallest 
sweep and strike off the core, following the shape of the plate 
vhen possible, and when not, aaati>, use the trowel. When 
the core has been gone rouglily over, sprinkle it with water, 
and sift on core sand, using a fine sieve. After this has lieen 
packed evenly by the hands, it should be gone over eveolj 
fuid steadily with the sweep and the core slicked and finished. 

Tlie sweeps should be made -jV inch to \ inch larger 

■ than the size required, as the slicking will make the cores 
■unaller. 
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In the bottom half of core put some nails, letting tliem 
stand, out as far aa possible, and have the thickness sweep 
deiir them. These nails will help to hold the thickness on 
when the core is turned over. The top liiilf of eoro will not 
need any. After tlie core is dried, wherever metal ia wanted, 
rub on loam, or other mixture, that will sweep well and bake 
hard, and strike off with sweep to size. Have aa many 
flanges as there are to be on the pipe, turned up and cut in 
halves ; and, to make sure of setting their faeea tnie, it is 
better to have a strip of vcood fastened to them, as shown 
at A, and when setting the flanges (before sweeping the 
thickness) drive a few nails through this strip and into the 
core. 

The loam swept on for thickness of metal will require 
drying, unless the core ia very hot. In using tiiia core aa & 
substitute for a, pattern, dig a hole in the floor (that is, if 
you cannot get a flask to suit), bed the bottom eoro, act on 
the top half, and rub down the jirints, or put sand between 
them, till they caliper round. Tlie top half of the core 
should have hooks, eo as to lift it up witli the cope. When 
the cores ' are drawn knock ofl! the thickness, paste the 
halves together, and let them dry while finishing the 
mould. 

If the pipe is to be one inch or more in thickness, another 
plan would be to saw out a number of half-circle pieces, as 
shown at JI, place them o\er the cores, 4 inches or 5 inches 
apart, and when rammed and the cores drawn, cut out the 
sand between them. This would aave sweeping tho thick- 
ness on the core, and in some cases might be the cheapest 
and the best plan. 

Ordinary size pipe, wben time cannot be spared to 
east plates, may be ewejit up on a wooden plate made 
the shape wanted, and having the flangea nailed to it 
to keep them in place. Sometimes, when thri'e or four 
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castings are wanted^ and it is not undesirable to make a 
wooden pattern, it is best to make a core expressly for use 
as a pattern, not sweeping on a thickness, and when the 
castings are all made, the core can be broken up and the 
sand used again. 
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RAMMING UP THE TEETil OF GEAR 
WHEELS IN GREEN SAND. 

There is, pcrhuj^, nothing requires more careful and cvon 
ramming thun the teeth of geur wheels. The sides of ulnioat 
any casting can be swelled without attmcting attention, but 
if the face or sides of teeth are swelled, it will appear at 
once. In eume shops great attention is paid to having each 
tooth the right size, and in some instances every tooth is 
tried with calipers ta detect Bwelling. Moulders will gome- 
times make the teetli of wheels exactly the eine of the 
pjittcni, while others will Iw from j'," up to ^>j"larger than 
the puttern. Teeth can be larger than the pattern and yet 
show no signs of strains or swelling, even if the moulder has 
been very particular in ramming, for if he did not ram 
solid, being afraid, perhaps, the teeth would not druw well, 
would be scabbed if rammed solid, or [terhapa from his, 
established practice of light ramming, it is sura to occur. It 
may sound odd, but there ui-o few moulders that ram alike. 
One will ram heavier or lighter than another, and their 
castings apparently show no difference, but if they ara tested 
with calipers and straight-edges, or weighed, tlien it is easy 
to see who rams the hardest. It sometimes is a good thing 
to bo accustomed to r;im hard. But for general jobbing 
work the monlder accustomed to ramming lightly will have 

t fewest bad castings. 
)nie moulders can ram a mould light or heavy as they 
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chooBe.but they are few. Inraminiiigupsmallspur teeth from 
2" piteli down, the hands only should be used; some mouldera 
will press tlie sand in, while others throw it in, and raise an 
inch or two every time. It would be a hard matter to de- 
cide which is the best plan, since the moulder who pi-essed 
the sand in, if told to throw it in, would probably make the 
teeth swelled, becauec he is not used to making small-teethed 
wheels in this way. In making very small-teethed wheels, 
where there is difficulty of getting the sand to stand, it is a 
good thing to use some new dried moulding san^ and after 
it is screened very fine, dampen it with some beer or water, 
and then, with a wooden or iron roller, roll it back and for- 
ward over the simd, until it is well mixed; this will make the 
sand tough and give a good body to it. 

Teeth from 2" pitch up are generally made by throwing 
in 2" or 3" of sand, and then, after the outside is rammed, use 
a rod or small pin rammer to ram in between the teeth. 
The larger the pitch the more solid should the ramming be 
made ; the bottom, or first course of ramming, should be 
rammed the most solid. When ramming sand between teeth 
there should not he over 3" for a ramming, and it should be 
rammed even, and aa firm as the sand will allow. Before 
throwing in sand for another course of ramming, the loose 
Band should be all scraped away, and any soft sand pressed 
down by using the fingera ; this will help to avoid soft spots 
between the course of ramming. Teeth that are rammed 
solid should be ^ell vented ; facing sand should be used 
stronger for the root and sides than for the face of the teeth. 
A plan that works well in making nice-looking teeth, is to 
use as strong a facing sand as the wheel will stand between 
the teeth, and then for the face of the teeth use nothing but 
fine-screened common heap sand ; this common sand on the 
face of the teeth will allow the pouring of the wheel with 
duller iron, and still retain a sharp fiu^e '■' '^. When 
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the wheel Is cleaned, the inside of the teeth will peel, and by 
rubbing coke or a piece of grindstone over the teeth's face, 
it will result in fine-looking teeth. About- the most difficult 
class of wheels to make arc bevel gear wheels, since, when 
bedded in, there is no chance to ram the teeth, as may be 
done when ramming spur wheels ; sometimes in large bevel 
wheels having small pitch it is possible, after a bed is made, 
to lift out the pattern and turn it over, so as to bring the 
face up, then fill and press the teeth full of sand, then by 
handling the pattern gently roll it over on to its bed,and pound 
it down. This plan works very well when the teeth are 
small enough to hold in the sand when the pattern is turned 
over, but for patterns that cannot be thus managed, the 
moulder will have to ram up the teeth by having a bed made 
the shape of the bevel of the pattern, from 2" to 4' below tlie 
face of the teeth, this space affording a good opportunity to 
ram, and enabling the moulder to get his hand underneatli. 
Bamming up of teeth has to be done more by the sense of 
feeling than seeing ; in this the moulder must rely on his 
own mechanical ability as to the amount of hardness that 
teeth will stand in being rammed. The harder that sand 
will stand ramming, without danger of scabbing or not 
drawing, coupled with even ramming and good venting, the 
better-shaped teeth will be produced on a casting. 
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CASTING LARGE PIPES IN GREEN SAND. 

The iilan liere describtHl and shown for moiilding large 
pi]Jos or work of ii Biniilar nature, involves small expense, 
being in that rcsiiect far cheaper than loam moulds, es])e- 
ciully when the oven in not large enough to dry the moulds, 
and tliey have to he dried on the floor. The fonndry that 
made these pipes had an order for aljout a dozen, and they 
were wanted in u hun'y. The pipes weighed about 5,000 
pounds each. Their diameter was nine feet, and their height 
five feet, and the tbieknesa of metal one inch. There was a 
flange at the top and bottom by which to bolt them together. 
Elbow pipes tliat went with (he plain ones were cast in 
loam, and, having worked on both jobs, I will give a dc- 
Bcription of how these were made when I get to loam work. 
In making the jtlain pipes there was a sheet-iron curb Bunk 
into the floor to prevent straining, and to save work in dig- 
ging and ramming. The draw iiattern was made of wood, 
and was 18" deep, with four strong draw irons on it. In 
starting to mould it, a cast iron ring, A'-V, is seMevel, from 
which a level bed is made. This ring is never disturbed, bo 
that the leveling by straight edges every time a casting is 
made is avoided. When the bed is finishetl, the draw j>at- 
tem is set down, and cores having the bottom flange formed 
in them, as shown at A, A, are set around the pattern. 
There ai'c two of these cores that the mnner cores ai-o 
attached to, as shown at B. These were set a quarter of a 
circle apail, and when all the cores were set, any open joints 
were packed with hcniji, so as to keeji dust or dii't from get- 
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ting to the flange. The facing and sand was shoveled in and 
rammed solid up to the level of the pattern, and then well 
vented. When all was ready, a man was placed at each 
screw-handle. The cut only shows two screws and one 
beam ; but as there are four draw irons needed, it takes four 
screws and two beams. At the word *^ Around ! " each man 
turns his handle around once, doing this at every command. 
In this way the pattern is drawn even. This is a splendid 
rigging for drawing gears or anything that needs to be drawn 
level and steady. This pattern was drawn about five inches 
at a time, until it was raised up level with the top of the 
curb, which made it the height required. . The pattern was 
leveled at every drawing, and the vents carried up to the top 
by venting at every raising. After the cope was rammed up 
and taken off, the segment D was bedded all around the 
pattern to form the top flange. The upright runners were 
rammed up in the green sand, and had a core placed at the 
bottom to prevent any cutting. The ramming was light 
towards the top, so that the iron would lie quiet, and to 
prevent any straining of the bottom portion, it was rammed 
more solid. 
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MAKING AND VENTING BEDS. 

There are two classes of beds— one is the open sand bed, 
anJ the other is a covered bed. When a bed is covered with 
a cope, it can be made harder tlian a bed witliout a cope, 
since, when irou is poured ou to a covered bed, the air ia 
the mould ia more or less compressed, and this pressure 
caiisea the retention of tlie gasea, Eteam, and air, and forces 
them to find relief hy paesing downwards into the sand he- 
low the fate of the mould; and the harder tliis underlying 
Band is rammtid, the more pressure will bo required to drive 
tlie gasea and steam downwards. When the sand below the 
face of the l>ed is rammed too hard, bo that the gases cannot 
be forced downwards, they will, when the pressure becomes 
strong enough, psiss U]! through the surface sand of tlie bed 
and through the liquid iron in the mould as an air-bubble 
passes up through water. Whenever giisee, air, or steam 
have to pass through the surface of a l>ed in order to find 
relief, there will result scabbed castings. The vent wire is 
used to make a proper channel for the escape of the gases, 
air, and steam. The vent wire in some cases, when not 
used understandingly, is more hurtful than beneficial. For 
example, if a moulder venting a bed directly from the face 
surface of a mould, and, to keep the iron from getting into 
the vents, only rubs the palm of his hand over them, the 
holes seem to be all stopped up; but when the castings come 
nd, the core hoys appear, picking up cast-iror 
make core rods of, and a scabbed casting it 
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the roBult, cauBc<l by the hot iron bursting through the 
thinljM30vcred vent boles, and causing them to be all filled 
with iron ; thus, insteitd of the vent holes carrying off tiie 
Tcntfrom thesiirface of the mould, they not only create more 
gits at tho surface of the mould, but also in t!ie interior, 
or deeper portion of the Band. Beds thus vented would be 
more likely to proilueo a good, smooth-stinned Ciisting if 
they neTCr had a vent wire used on them. A covered bed 
generally requires to be vented, since this class of beds, if 
made as soft as open sand beds, will sink from the pressure 
or strain of the iron, when the mould became full, upon the 
bottom bed, and thus make the casting a deal thicker than 
it should be. A good example, showing the results of having 
too soft a bed, is the case of making thin fire fronts, that 
had a hirge eemieircular flue-cleaning door-hole, two firing 
door-holes, and two aah-pit door-holes in them. Around 
the outside edge of these fronts there was a heavy orna- 
meotal border, and around all of the door-holes there were 
chipping strips and also lugs for hanging the doors on. The 
thickness of these fronts varied fi'om three-eighths of an inch 
to tluxte-quarters of an inch, the outside measurements vary- 
ing from three feet by five feet to nine feet by thirteen feet. 
When these fronts were fitted up, there was much complaint 
because the fronts wore swelled all over the surface and 
crooked, occupying a machinist from five to fifteen hours 
longer to fit up a front than would have resulted if the 
fronts had been made right. Since there were so many lugs, 
core prints, and chipping pieces on the fronts, the moulders 
seemed to think the only way to make a bed to mould them 
on, was as follows : Straight edges would be leveled up, 
and a bed the full Bize of the front made. This bed 
would consist of all loose, soft sand, running from 6" up 
to 13" deep, and leveled off. On the top of this soft bed 
the pattern would be placeil, and then, with a sledge- 



MAKINU AND VENTIXG BEDS. 83 

iiammcr and a block of wood, the Inga, border, chipping 
pieces, and the whole thickness of the iiattern would bo 
knocked down into the eoft bed. It was a quick way, of 
bedding in tbo puttem, but when tbo ca^^ting cumc out it 
was a botched job — a disgrace to tlie uioiildci-s that made it. 
The face, in may places, would be coyered with scabs, and 
the casting would bo from one-eighth of an iiieli up to iialf 
an inch thicker in Bomo places Duin others, and by no means 
straight. This style of sledge-hammering down a pattern, 
and the making a bed, is one that should very seldom be 
adopted, as it causes the bed of a mould to bo tlio reverse of 
what it should be. Since the surface of a mould should 
be the softest, in order to have the iron lie quietly against 
it, and to prevent any strains or swells, the under jwrtion of 
the sand should be firmly i-ammcd. In tlio above case, the 
hardest rammed suiul fonned the surface of tlio mould, and 
the soft Band was underneath. To projwrly make a bed for 
this class of work, so as to prevent any stridning and swell- 
ing, and have a casting as it should be, tbo following plan 
can be relied upon : After tho straight edges are leveled, 
dig out below tho level of the straight edges about 5" 
of sand, and then, witli a bntt rammer, go all over tlio sur- 
iaco ; after which fill up with good riddled or mixed sand, 
till even with the toji of the straight edges, then butt-ram 
this down also. This wdl make a solid bed of sand within 
about one and a half inches of tho to]> of the straight 
edges. Before going any higlier with sand, take i'' dia- 
meter vent wire, and vent the bed all over, after which, 
with the flat of tho hands, close up tho tops of the vent 
holes, and then fill up and level tlic sand with the top of tho 
straight edges; after which, if facing sand is to be used upon 
the lace of the mould, or common heap sand, it is tlie proper 
time to distribute it over tlie bed; then, with snme pieces 
of wood or iron, three-eighths of an inch in thickness, laid 
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upon tlio leveled straight edges, level thia heap or facing 
sniootli and even. There will now be a level bed of 
^" above the toji of tJie sti-aight edges ; then, after 
i-emoing tlio 3 inch thickness pieces from under i^c 
pariillei or strike straight edge, rap down tins ibi^d 
sand, so as to be even with tlie top of the straight^ 
edges, Tliis will comiilcte the mitking of the Ijed; tlu 
fire front pattern is now act on the bed, and tlio 
sion of the lugs made, the outside corners of the ^nttle^ 
being staked, and the pattern is then lifted t 
about two int-lies deeper and wider than the lugs, ai-e duj 
out of the bed, and all filled up again with soft saud. 
cope surface of the pattern is shown by chalk murks ove« 
all the lugs, core jirints, and chipping i)ieces, and the pat- 
tern is now set buck ujion the bed, and all the projections^ 
pressed or hammered down, the chalk marks being a giiide'4 
to show what poriiou of the pattern requires knocking, th«*/ 
bed liaviug only been mado the she of the jiattcrn ineido otm 
border, which runs alt around the outside edge. This il 
then tucked u]) with facing sand, the joint is now rammed 
up and made, and, after the cope is rammed, a gutter i(F 
then dug on tlie two longest sides of tiie mould, aboui4 
i" below the level of the joint, and a long {{" vent'^ 
wire is then used to vent under the pattern, so a 
connect, and thus bring the gases from the smaller ver- 
tical vent holes to the outside of ihc mould or gutter. 
Sliould thei-e be any danger of a run-out, or tlio sand chok- 
ing up the gutter vents, there can be some cinders placed 
in the gutter, and then filled over with sand, and befora*! 
going to cast, u few holes can be dug down to the cinderB)-* 
BO as to allow the vent to escape. The difference in makii^ll 
a bed for such a thin casting as these fronts, and a bed for J 
thicker or heavier castings, is veiy little. The heavier tbe-V 
casting, the more strain there is njion the bed when it isf 
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being pouifld, hence the harder should be the foundation or 
the body of sand within one inch of the surface of the bed; 
but the surface sand should not be made much harder for a 
heavy casting than for a light one. It is when the first 
inch of running iron is being ruiaed upon tlie mould's but- 
face that the scabbing, caused liy too hard surface ramming, 
is generally done. 

flTheneverit is necessary that tlie surface of tlio bed should 

bo Larder, then pound down three-eighths of an inch of 

sand. The best plan is not to make the surface 

' -firat higher, and then ram down, in order to have it 

'Tetund an increased strain, Imt to ram up firmly within 

f ' of tho top of tlie straight e<lges, insteati of the IJ", 

as above stated ; and, after this solid bed is well vented, 

and the surface holes closed and the facing sand put on ; 

then use the %" thickness pieces to level off with ; this 

, would make 1^" thickness of soft eand, occupying tlirce- 

^B^quiirters of an inch when pounded down. Many niould- 

^^wers make beds fur a heavy casting by ramming up within 

^^■Ebout J" of the top, and then putting on facing sand, 

^^r and afterwards cither jKiund it down with a parallel strike 

^K or a butt nimnier. They will then vent directly from 

^P the top surface, and to keep the iron from getting into 

™ tho vent holes, ]ioke their longest finger iuto evei^ vent 

hole ; after which they go all over the bed and fill the do- 

presaions. If these practical moulders would only think 

a moment, they could not help seeing that the object 

which they are trying to acconiplish is really being de- 

Btroyed, for, instead of tho vents being brought near to the 

I top surface, the action of the finger has closed them up, so 

Jiat it would be safe to aay that there were no vents 

rithin IJ" of the top surface. Another objection to 

ihis plan is the irreguhir resistance of the bed, since it is 

ftlmost impossihlo to make a bed of uniform hardness 
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when one spot is rammed with a strike or rammer, and 
another with a mun's fingers. It takoa but little leflection 
to SCO which of the two pliius ia the beat. A bed with 
its vents an even distance from the surface, and the bed it>- 
seU of an even hardness all over its surface, two important 
points that cannot be denied as elements most imijortant in 
order to make a good reliable bed. Beds for open sand 
castings are, as a general tin'ng, never vented, becanse there 
is very little strain upon the bed, and therefore the lower 
sand can be left unrammed, which leaves the sand so porous 
that the gases can freely escape downwards. When a cast- 
ing over 2" thick requires an exact level and smooth face 
upon it, it is sometimes best to make the open sand bed, and 
have the lower sand rammed and tlie bed well vented, and 
made similar to the bed described for making the fire fronts. 
One of the most popular classes of castings made in open 
eaiid are furnace plates for rolling-mills and blast-furnaces. 
When a foundry has a ([uantity of tin's class of work to do, 
it is a good thing to use some sharp sand mixed in with the 
moulding sand, ThJs will permit the beds to bo rammed 
lightly, without using any vent wire upon then. Some 
places make the surf:icc of the bed altogether of the sharp 
sand, and, to make the sand peel from the castings, they 
use water-lime cement dusted on and slacked, like blacking. 
The lime ia valuable to peel a casting, but the objection to 
its use on nice work is the dead color which it gives to the 
skin of castings. The sharp Band used can be either bank 
or lake aand. The thinner the casting, the softer should 
the open sand beds bo made. For plates about ^" 
thick, dig up the bed about six inches deep, and leave 
it soft ; then open it as it leaves the shovel. If the sand 
is lumpy, it should be riddled. Level tliis sand with 
the top of the atraiglit edges, then, if the sharp sand is 
used for the face or surface of the mould anread it overJ 
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and leTcl it a quartnr of un inch liiglicr than the 
of the straight edges. SliouUi tho casting bo from one 
two iiichoa in thicknoBa, tliu eand should be leveled three- 
cightha of an inch, after which llio whole surface should bo 
pounded level with tho top of the atruight edges. When 
a bed is struck off, as is sometimes required in order to 
make a very emootli surfueo after being pounded doivii, 
it ia best to use a straight edge having a face uf nhuut 
one inch, and the striking off ahould never be done by. 
piilling the straight edge along the sand, but it shouli" 
be done by working it in an irregular manner across th*J 
bed, taking jiaius that every move is a forwai-d one, for^ 
if the edge is allowed to go backwards, it will leave ntarki. 
upon the bed. The objection to striking off the bed smooth 
is^that it is apt to start the surface sand if rot done right. 
One great trouble with castings made in open sand is, that 
they uro generally Tery rough or ECiibby, iit the pinces wheru 
the iron was poured into the bed. To prevent this, the bed 
in front of the basiii should bo made harder by using the 
flat surface of a piece of board. When there ia a large 
nmount of iron to bo poured, the portion made harder 
should have facing sand for its surface ; and this hardened 
portion, whether of facing or common sand, niuat be treated 
with tho same process of venting as in the above cases fof 
making hard beds. 

The most difficult claea of open sand casting that s? 
moulder makes beds for, so as to prevent the iron from 
boiling or bubbling, is large loam plates, that require long 
prickers cast on them. Sometimes it is necessary to liavo 
prickers three feet long, and in making a bed for these, it 
is imposaible to use soft aund entirely, aince the strain at the 
bottom portion of the deep prickers is such that the entire 
upper portion of the bed would be lifted up, so that the in-j 
tended prickered plafe would liecome a rough, solid 
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iron. The only safe way to make a bed of thia class is to "^ 
lightly ram it at the bottom portion, within about 8" of ' 
the top, and make the remainder of the bed similar to one 
for a light, thin, common plate casting. But when the 
long prickei-s are as near together as five inches, the plate 
will bubble more or less iu any event when being poured, 
for tlic large amount of gaa formed below the surface of the 
bed will cause thia on account of the depth of the prickers. 
This trouble could be remedied somewhat by making a coke 
or cinder bed below the bed proper, and venting the bed 
into it witli a smull sized veut wire. 

A good illustration, showing the effect and amount of gaa 
that is foi-med under open sand plates, was when a number 
of jiluin plates were wanted in a great hurry, and, since there 
was not much shoi>-room to mould them in, they wgre 
made very close together, having only about 3" of space 
between each plate. The size of plates was 6x4 feet, 
and there was a bed about $' 6" wide and 2S' 6" 
long made to mould six plates upon. They were poured, ' 
commencing at one end. The first and second plates 
were suoeessfuUy poured, and the crane ladle was then 
refilled, and the thinl and fourth plates poured with 
some bubbling and blowing; but when the fifth and 
sixth i)lates were poured, they boiled so hard that the 
iron was thrown three or four inches, and, as it became ■ 
molten, so that the gaa could not escape, its force raised 
the middle portion of the plate nearly 2" from the face 
of the monld. Had they been vented with a large vent 
wire straight down between each plate, all this trouble 
would have been avoided, as the gas could thus have escaped, 
and not been drawn from the plates already poured into I 
the one that was being poured. It might be asked why 1 
the bed was not vented underneath. The bed in thia I 
case was all right, and soft enough to stand, and required 1 
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no ventingy as the pouring of the first two plates proved ; 
but the trouble was closeness of the moulds. And thus^ by 
not taking into account a simple^ practical truths a result, 
which should have proved a success, became a lamentable 
failure. 
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METHOD OP MAKING A HEAVY GKEEN SAND 
CASTING. 

Nearly two-thirds of all caatingB lost are lost on account 
of improper methods of making and placing gatee and riin- 
ncrM. The best method of gating green sand moulds ia to 
mukc the gutos as long us posEiblo, as it does not take a very 
long time for iron, ivhen running directly against, or on the 
sand, to cut or wash it away. It is a good thing, where 
joa have a large quantity of iron to run through a gate, to 
place cores against jonr pattern wliere the wash of the iron 
is; or mix some flour in tho facing sand for the dangerous 
sections, and, if you eim get at it, put in some nails, having 
the heads eyen with the faces of the moulds. 

The gate and runners, and niodo of moulding the casting, 
as shown in tho cut, can bo relied on as presenting a safe 
plan for any caating'of a similar construction. This casting 
weighed about fourteen tons, and, Iwing made in green sand, 
the utmost thought and caution were required to make a 
success, ai tho casting was not a plain block, but a casting 
that had all tho worst features of a green sand mould to con- 
tend with, including corners, pockets, projections, and flanges 
in both cope and bottom part, with a depth of over four feet 
in the ground. 

Tho runners and gates were all made in cores, and rammed 
up with the mould. Being obliged to run this casting 
direct from tho air furnace, as there wore no large ladles, 
nor chance to build a reservoir to hold the iron, I contrived 
the runners and basins, as shown, to let the iron into the 
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^B mould, should it come fiister than calculated for. At the 

^M Eumc tinic, if any lump should happen to choke up the tap- 

^H ping hole and make it come slower, there would be no chance 
^m for the air to blow out at that gate and start the mould blow- 
^M ing. As the iron came down the long spout, it Ullcd up 
^B basin 1, which has a core sunk in it to hold back the dirt, 
^M so that it is all clean iron that goes into the motild. The 
^M boain 2 is the main runner, a^ it takes the iron to the bot- 
^K torn of the moidd. Should the iron come too fast, it will 
^B flow oyer into bosiu 3. When the basin is full, lift out the 
^K iron plug, and the iron goes into the mould. Should the 
^H iron come slowly afterwards, so as not to flow over into basin 
^H 3, and the mould is not fllled up to the level of this gat«, 
^^ the air cannot escape, as there will bo eight inches of iron in 
^r lower angle gates. 

Where iron went into the moiild, there were set cores, 
the shape of the pattern, to prevent any washing. The cut 
shows how the projections were rodded and Tented. All 
corners were well nailed, and rodded with smatl-aized i-ods, 
also vented with a fiuo vent wire directly from the face of 
the mould, which is a good plan to adopt ia any green sand 
corners, that are liable to scab, and the sand for the face of 
projectiouB was mixed, one-third sharp sand, and rammed 
lightly. Instead of having wooden bars to lift the pockets 
out of the cope, iron frames were made the shape of each 
pocket, and bolted to the cope. The facing sand for the 
cope was mixed one to twenty of flour, and when the cope 
was finished it was well wet with molasses and water, while 
a fire of shavings and chips was made under it, until the 
surface was dried like a dry-sand mould. 
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IRON AND WOODEN FLASKS. 

Fob a foundry to have a good supply of flaabs is one I 
thing, but to keep tliem in repair ia quite anotlier thing. I 
In a jobbing shop, especially, it is a serious trouble and eX"' 
peime to keep the flasks m order and mated. A monlder is ' 
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togetlier. Quite likely, to get what he wants, he geta in 
parts of difEeient Qasks, auil auothcr moulder discovora 
that some of these pieces are just what he wants, aud event- 
ually, instead of being put where they belong, they are 
dumped down indiscriminately at the handiest place. Per- 
haps, to complicate matters, the foreman will order Bomo 
of the parts of a tialf dozen Husks put carefully aside far 
future prospective use, on anotlier piece that may bo 
ordered. In any event, the parts of different flaska get 
promiscuously mixed, aud the result is thiit some moulder 
looking for a cope to cover a pattern Ijeddud in, or wanting 
a bottom to raise some part higher, will see these parts so 
nicely piled up, and the part tiiat ho wants at the bottom of 
the pile. Sooner than go for the man who has charge of 
the flasks to help him, ho will throw down the whole pile, 
smik'^hing pins and handles. TJiis is the way the thing 
■works in almost every regular jobbing foundry. 

A foundry for special work doos not requiro much over 
half the room that a jolibing foundry does, for storing 
Saska. In a foundry deaign^sd and equipped for special work, 
there is generally a large number of flasks for the same pat- 
tern ; and when any pattern is brought into the foundry to be 
made, the foreman can send for tho required flask, without 
Bpcnding two or three hours" time in looking foi- stray copea 
and bottoms. Their flasks can be piled up high, because 
they do not have to be disturbed, to get a part of a flask 
from the bottom of tho pile. In such shops men will work 
months— sometimes years — with the same set of flasks, 
whereas, in some jobbing shops, two weeks would be the 
limit. 

In a jobbing shop, as a role, the moulders, when going to 
work in the morning, have no idea wbat job they will start 
on, or the number of new jobs they may he called on to 
make before getting home again. 



An assortment of miscellaneous jobliing flasks should have 
plenty of ground room, and the piles should be mode open 
and not very high, bo that a niun looking for a flask will he 
able to see every i)art without haring to throw down a pile. 
There should bo some one in charge of the flasks, and he 
should report any man known to ill-use tiiem, and then, if 
the foreman does his duty, there will bo no need of moulders 
losing their night's sleep worrying over a drop-out caused 
by loose bars, crooked pins, or shaky flusks. Of course this 
does not mean that a jobbing shop cannot be run without 
having an acre or two to pile up flasks on. There arc plenty 
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of shops doing a large business that do not have much 
ground room, bub have io hoist their flasks on the top of 
flat roofs ; their very largo ones are never taken out of the 
shop. 

In this country, wooden flasks are used more than iA>l 
foreign countries. When foreign moulders come to work iB' 
America, they wonder at so many wooden flasks being used. 
They are sometimes afraid to start to work with them, and 
if they have a run-out. "" ^ * tlie old wooden flasks 

get the blam*" 
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Wooden and iron flasks each have their especial advant- 
ages : the iron one is the most durable^ is stiffer, and can be 
relied on in matters of dropping, run-outs, or strained cast- 
ings. Take a large plate full of holes, cast one with a wooden, 
and one with an iron flask, and then look at the difference 
in the two castings. The one made in the wooden flask, 
with all the time spent wedging down the bars, and blocking 
up to get the weights, or screw-down binders on, may be 
from 4" to i" thicker in the middle than it should be, and 
as for the holes, they are not to be seen on the cope side 
at all. 

Wooden flasks have also their advantages. They are 
handy to lift and carry, and better adapted for a dull 
foundry hatchet, to carve out the bars, so as to admit of tlie 
cope being used for various castings. After being i)itched 
around eight or nine times, they will also save tlic cupola 
man lots of time and labor in hunting up kindling-wood to 
start his fire with. 

There are more iron flasks used in this country at present 
than were formerly used. Some shops that have a standard 
of work can rig up iron flasks with loose bars and side 
pieces, that can be bolted together to answer the i)urpose 
for making a variety of castings. 

The sketches represent the principle of construction, etc., 
of i^lain iron flasks, such as every jobbing shop should or 
could use. The smallest ones, without bars, are very light 
and handy for small jobbing castings. The second size is a 
cope about as heavy as two men can lift off. Tlie lug and 
pin. If Hy should be attached to special flasks where 
parts of the casting are to be made in the copes. This i)in 
is expensive, as it involves considerable machine-shop labor 
to make, as in turning the pins and boring the holes, but it 
will pay for itself in a short time, when used for making 
pulleys, etc. 
5 
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For dry sand work that requires to be closed very true, 
the flasks should have three or four pins. The pins may 
sometimes need to be one foot in length, so as to close true 
over cylinder port cores and the like. The pin shown, cast 
on the small flasks, costs very little to fit up, and is very 
good for a plain class of work. 

The large iron flask shown possesses several advantageous 
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features. The round trunnion is a common but very liandy 
thing for turning over copes, so as to get to finish them 
easily. This may be cast on, the flask having handles, also, 
if required. The handle, IF, is of wrought iron, cast into 
the flask, which makes a neat lifting-handle. It is cast in 
on a slant, so as to be in a line with the chains when lifting. 
The handle on the opposite side is cast-iron, and should be 
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large for strength, but shoald be made convenient for hook- 
ing to. Guides, asahownat ,V,X, should be cast on for driv- 
ing down stakes alongside of. The loose plate or bar Y can 
be bolted to tlie flanges, should tlio ilask require to bo niado 
longer, or to have a j»iece or pocket bolted on for any ]uiv- 
poae. To accompliflh the same purpose, tho whole Oask is 
Hometimea cast together, and one end cut out about f ", so 
there will be no bearing on the joint, and when the flusk is 
wanted longer, a section is bolted against its flat surface. 
The objection to this is, tliat the end cut out is novcr eolld 
on the joint when the flask ia used without tho extension, 
and when there ia a piece bolted on it, the joint forms a fiat 
clumsy surface for the sand to hang to. 

The flasks shown are iutended for a plain olasa of green 
sand work, such aa almost every jobbing foundry has to ilo. 
Deep flaeks, in some instances, arc better for l>eing made in 
sections, and bolted togetlier. Iron flasks for dry siiiid 
work are better if made J" thicker tbau shown in the ciits, 
as they have to stand rougher handling. 

The cut of a wood- 
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en flask sliows 
good reliable way of 
making a stiff flask 
for a medium class 
of work. Tho anglo 
piece S is cast-iron, 
and is a good thing 
to ]mt in tlie comers 
of large flasks for 
bolting tlie sides to- * " " 

gother. Thia angle would be better if a smidl bracket was cast 
on the inside comers, so as to make it stronger. Z> shows a 
^tliat can be bolted to a flask, to rull it over, or the 
idd be CTitipfly uf irun, with the Irunniuns cast 
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on, and wooden sides bolted to them. When bolts will not 
hold a large flask stiff enough, east-iron bars are sometimes 
used instead of wooden ones, having flanges cast on to bolt 
the sides and bars together. The handle R is wrought iron, 
to come under the bottom of the cope, and has two bolt- 
holes in it. This makes a reliable lifting hook for very 
heavy copes. 

Should a moulder wish to know the weight of the sand he 
has rammed up in a flask, in order to tell if the crane or 
chain is strong enough to lift it, he can remember that one 
cubic foot of sand when rammed, and of the right temper, 

weighs about one hun- 
^dred pounds. 

The bars can be far- 
ther apart in deep copes 
than in shallow ones, for 
green as well as dry sand. 
The sides of wooden copes 
for large flasks should 
be made of 3" to 4" 
planks. Hard pine will 
last longer than soft pine, 
especially if pounded much with a sledge-hammer, which 
should never be done if there are wooden mallets to be had. 
In making iron flasks the best iron should be used, as a good 
flask is an essential feature in turning out good castings. 
They should receive care and proper handling, otherwise, in 
a shoi-t time, a new flask will be only fit for kindling-wood 
or scrap. 




i 



-18- 



SKIUMINQ AND FLOW-OFF OATE8. 



SKIMMING AND FLOW-OFF GATES. 



Aa melted iron contains more or less dirt and impurities, 
wMeh keej) rising to tlie surffiee of tho mctiil, more especially 
I while it is exposed to the air, it is of tho utmost importanco 
to have the runners and gates made so aa to collect the dirt 
as much as poseiblo before tlie metal enters tlie mould, to in- 
sure a clean, solid casting. Tho gate shown is an improve- 
ment on the common skimming gate, aa there ia one more 
riser or dirt-catoher in it, into which the iron goes circling 
round, whirling tho dirt up to the top. It ia astonishing 
how little thought some moulders have about tlio principle 
of skimming gates. Go into almost any foundry, and you 
I will see men making or working on good work, setting tho 
' largest runner for the jwurer, and the smallest for tho dirt- 
catcher ; or they will cut the gate that goes into the mould 
larger than any other portion of the runners or gates. I havo 
also seen skimming gates cut when tho man cutting them 
did not know which one of the upright runners was the one 
to pour into. Tliis showed that, of course, he had given no 
thought to tlie subject. There were, m the instance referred 
to, two upright runnera, with a cliannel cut between them, 
and he thought he was cutting a skimming gate In the ao- 
eompanying cut is shown a crank for an engine, bedded in 
the floor. To save work, the face is east up, and it requires 
I" the greatest of care as regards clean iron going into the 
I mould. The gate that loads into the mould is cut the small- 
test of any, so that the rest of the gates and ruincrs may be 
■ kept full of iron. The dirt flows up to the top of the risers I 
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A and B, In tills waj clean irun goes into the mould, 
era A and B have no connection cut in the cope part, it^ 
being cut in the bottom, from B to A, and on a circle, bo 
that the iron will whirl around in the riser A. The runner 
and pouring gate D are connected with B iu the cope jmrt, 
but can be connected in the bottom part, like A and B, 
should it not be practicable to connect in the cope. The 
pouring runner D ia large enough to keep the lower gate full 
of iron, and the two dirt-holdera or risers are larger by on&> J 
third than tlie pouring runner, I 

The pouring basin M, if for a very heavy easting, could Wl 
made longer, and a Btimming core added, as shown in a pre- 
vious article on " Making a Heavy Green Sand Caating." 
All the runners should be rammod even, bo that there are no 
soft spots in them, and all corners or edges of the gates and J 
ruimera made rounding, so that the running iron can havi 
no chance to wash sand into the casting. 

The numbers 3 and 4 fihcv a good plan of risers to take * 
tlie strain off the mould wbeii pouring. The riser 3 ia con- 
nected with the jTOiiring gate, and a clay ball stops the iron 
from flowing away until the mould is full. It then Aowsh 
down the outlet, under the joint of the flask. The conneoj 
tions between 3 and 4 can be cut down as low us 3 inchee^l 
which leaves very little strain on the mould. This is alsG 
used independently ; but cutting the riser from the mould,! 
and having tlireo or four of them, causes a sudden preBsitre.l 
on the cope to be greatly released. As a good skimming gate ■ 
ia caaential in making a clean casting, so are good risers 
necessary to keep a casting from being strained. In this re- 
spect they are of equal importance, and too much attention 
should not be given to one to the exclusion of the other, 
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MAKING A GREEN SAND BASIN— RUNNERS 

AND GATES. 

In making castings, the basin, runners, and gates are often 
responsible for their being bad. There is nothing in the 
whole art of moulding that requires more care than the mak- 
ing of these parts of a mould. A moulder may slight the 
rest of his mould and have his casting come out all right, but 
any carelessness or ignorance in making the basins, runners, 
or gates, will almost always cause trouble. 

In pouring a mould, the iron first drops from the ladle 
into the basin ; from the basin it runs with more or less of a 
rush into the upright runners, from the runners into the 
gates, and from the gates into the mould. With the excep- 
tion of that portion of the mould which the iron enters or 
drops into, there is very little agitation of the metal as it 
gradually rises. 

In the cut shown, ^is the cavity into* which the iron first 
drops as it is poured out of the ladle ; Y is the runner 
through which the iron flows to the gate K, from which it 
runs into the mould. 

For pouring five-ton ladles, the width of a basin should 
not be less than 18", and the depth should be 9". The bot- 
tom of the basin, where the iron first drops, should not be less 
than 2" deeper than at S. From S down to the runner, Y, 
there should be an easy incline ; the longer the basin the 
more incline there should be. This assists tlie iron in flow- 
ing, making sure of keeping the runners full, and also pre- 
vents any iron remaining in the basin when the mould 
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ia fall, except that which is in the cavitj that is formed for 
the iron to drop from the ladle into. This cavily ia pro- 
Tided for the purpose of preventing the cutting of the bot- 
tom of the husin, wJiich would bo the case was this part 
made cvea with the rest. This cavity, which is soon filledj 
allows the iron to fall into iron instead of on sand. When 
this cavity is filled, the iron runs easily from it to the mould, 
lessening the danger of cutting, and allowing the iron to l>e 
rushed in, bo as to keep the runners fulL 

For the pouring of larger ladles thau five tons, the width 
of basins should be from 18" up to 30", and the depth from 
9" to 15''. 

"When making green sand basina, the Band sliould ho well 
mixed and riddled before it is shoveled into the basin box. 
The careless use of unmixed sand for making bufiiua often 
causes bad castings. 

There ia one way of making basins that many moulders 
follow, but which a careful moulder will never employ ; that 
is, they will shovel in some aund, and form the shaiw of the 
basin by packing up the sides with handfnls of sand. Tiiis 
makes a loose basin, and one that ia liable to cause trouble. 

To make a reliable baain, the bos should first be evenly 
rammed full of sand, after which the ahapo of the basin can 
be dug out with a shovel or trowel, thereby giving a firm, 
solid basin, as far as the ramming of the sand is concerned. 
The trouble with baaiiia usually commences at the bottom, 
and is caused by the falling ii-on cutting the sand or letting 
the iron get to the wooden bars. A good moulder will never 
have less than 3" of sand between the bottom of his basin 
and the wooden baa's. 

There are two or three ways that the bottom of green sand 
' bosinB may be secured ho as to prevent cutting when used to 
' pour heavy castings. Tiie first is to stick nails all over thQ 
I bottom, having the Iteads even with tlie surface of tlie sand^ 
L 5* J 
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The second and third ways are to set in a flat core, or two 
fire or common bricks to form tlic bottom. In cither of the 
last ways there is very little danger of the falling iron causing 
any trouble. 

For the i>ouring of heavy castings it is best, when possible, 
to build basins outside tJio copea instead of on the top of 
tliem, for the reason that high heads can tluis be avoided, 
thereby not having so much strain upon the mould. The 
cut of basin sliown is ono thus made. In this basin 
will be noticed a coke or cinder bed placed underneath the 
basin, which ia a very good plan for large surface basins, as 
it will carry off the gases and steam, and thereby prevent 
any boiling or scalding of the bottom of the basin. Some- 
times dry sand baeina are made, and hoisted fi'om the oven 
carriage and placed where wanted for the pouring of very 
lieavy castings. Some moulders prefer to use them instead of 
green sand basins. 

Another part of a green sand basin that often gives way 
while the mould is being jToured, is the front, X. Sometimes 
a moulder will cut out the front as if lie were trying to make 
the end at exact right angles with the sides of the basin, as 
shown at P. This may do well enough for small basins, bnt 
for large ones it should never be done. The safest way is 
to fonn this end as shown at W, having the end very nearly 
a circle. Sometimes it is best, in the instance of very large 
basins, to have this end of the box full of nails, driven so as 
to stick out two or three inelies, to have a good hold of the 
sand; that is, when wooden basin boxes are used, but ft 
iron boxes (whicli, when possible, should ho given the prot^ 
erence), the front sliould be secured by being roded. 

How often liave moulders seen castings lost by having tho 
wooden basin box spread open, which would have been pre- 
vented had there been some naiTow strips of wood nailed 
across the bottom, as shown at B ; or cast or wrougbtj 
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iron clamps used to hold the sides together, as shown 

Again, tlie iron will burst out from underneath the bo: 
from the lack of woiglita or wedges to hold it dowu. 

There arc yery few moulders that can lie trusted with 
making of a basin to pour a large castiugwith. They fliink 
they know, aud it ia not until they have lost a number of 
coatings that they are convinced of their carelessness or igno- 
rance. They are not always convinced, but Will lay the 
blame to the basin box, the sand, the helper, or will confi- 
dentially tell some of their friends they were made to pour 
the iron too hot, or too fast, and that no basin would stand 
such treatment. 

The rammer and swah pot are very necessary tools in a 
foundry, but in the hands of a thoughtless or ignorant 
moulder they are about as dangerous as a loaded revolver in 
the hands of a child. There are no toola need in a foundry 
that are more responsible for bad casting than the rammer 
and swab. 

" Bring me that rammer," yells the moulder tohis helper, 
and when ho gets it he uses it lustily. 

" Bring mo that swab pot." He gets it, and on goes the 
water, plenty of it, too. What's the use of being afraid of 
water? 

Around cornea the ladle, and out of the ladle into the 
basin goes the iron. From the basin up to the roof it flies, 
the men let go the ladle, and run to the comers to see if 
they arc hnmed ; then they will eit down and think of the 
moulder and his swab pot and rammer. 

When a good moulder, or one that thinks ho is, loses a 
casting on account of his basin, he should never blame any 
one but himself; for lie should know from espcriouce what 
is required. 

A moulder can tell by the looks what sizes of mnner 
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sticks or gates he wants. If a moulder ordera a runner or 
gain stick made without Imving otio to get tlie size from, 
he will hardly over bo aatiafied with it. 

In thinking of the number and size of runner or gate 
slieks for a monld, thcro aro many points that should bo 
considered. The first is the weight of the casting, and 
whether it should bo poured fast or alow. The second, the 
form of it, and whetlier iU proportions are heavy or light. 
The third, what tempcratnro of metiil will tlio mould re- 
quire to 1)6 ponred with ; will it be run from the bottom or 
from tho top of the mould; and also the height of the basin 
above the monld. 

As a geneml thing, tlio faster a monld can bo ponred with 
Bafoty to all of its parts, the better it is. It ia not always 
tho weight of a casting that deeidea whether the runner and 
gate sticks should be large or small, to pour the monld fast 
or Blow. Tho common, old style grate-barg, that have thin 
openings or cores in them, are a good example to show why 
some moulds require to be poured slowly. 

Many very good moulders have worked on this class of 
castings, and have been astonished at their lack of success 
in making good ones. A grate-bar, or any mould that has 
similar thin green sand cores in it, should ho poured with 
hot iron, and slow. Pouring them slowly gives tiie gases and 
steam in tho sand a chance to escape through the vents, and 
the iron, being hot, will easily run level, and not pile np 
higher nearer to the gates than in distant portions of the 
mould, as dull iron will generally do, thereby causing thin 
bodies of sand to bo displaced. Hot iron will also admit of 
the pouriug of ench moulds slow, withont danger of the 
being cold shut. 

Moulds having tJiin green sand or dry sand cores in them, 
ghould often ho poured hot and slow for tho reasons above 
stated. Very heavy castings that have no dangerous dry or 



110 OREEN SAND MOULDING. ^| 

green cores in them, should have large ronnera and gates, 
60 as to admit of the iron being poured dull and fast, and 
the same with any moulds that the copes would eaailj draw 
down. 

There are also large, and email moulds that require hot 
iron poured in them fast, in order to have all the parts run 
and not be cold shut. 

Again, there are some moulds that require the liquid iron 
to he forced into tliom as fast aa possible, for which liigh 
heads or basins should be made. Castings, sucb as cylinder 
or pipo-sliaped moulds, that are cast vertically, should have 
larger rnnners and gates where they are poured altogether 
from the bottom, than where they are poui-ed from the toj), 
by dropping the metiil down, aa when the iron is all poured 
from the bottom it gets duller as it rises up in the mould. 
Many times, such moulds arc poured from the bottom and 
top also, so as to avoid having any trouble from dull or dirty 
iron in the upper portions of the easting. A cylinder, etc., 
will bore out cleaner if poured from the top, than if poured 
from the bottom. Iron dropping from the top keeps cutting 
up any forming lumps of dirt, causing it to float and keep 
on top of the rising iron ; and also when iron ia run from 
the top, there is as hot iron in the upper portion as in the 
lower portion of the mould. But when poured altogether 
from the bottom, the iron becomes dirty and duller us it 
rises up, and the dirt will collect in lumps and roll under 
flanges, cores, etc., and also lodge against the sides or sur- 
faces of tlio mould, and it is not until the casting is bored 
or plained, that the dirt is seen. Iron should always be 
poured into a mould as far as possible from the parts that 
require to be finished np tiie cleanest, since the dirtiest por- 
tion of a casting is where it is poured or gated. A smoother 
skin can be made on a cylinder by pouring it from the bottom, 
but it will be at the expense of its beii " ' " when bored. 
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WEIGHTING DOWN COPES— DAMP 
FOUNDRY FLOORS. 

Melted iron supports and floats a body tlio specific grav- 
ity of wliieh ia not greater than its own, the same as water 
or any other fluid. SoHd cold iron floats on the top of melted 
iron, similar to ice floating on water. Water, wlicn frozen, 
expands, but the expansion doea not make the body any 
heavier or lighter, A definite quantity of water weighs the 
Bame whether lirjuid or frozen. Water, in changing to ice, 
expands about one-ninth of its bulk, which makes ice ape- 
cifically lighter than water, and therefore it Bwims or floats 
on it, about eight times as much being below as above the 
Burface, 

An iron ship sinks until it displaces water equal to its 
weight and then floats ; but if the same quantity of iron 
were in a solid mass, it would instantly sink to the bottom. 

In each of the above cases the caiise is quite plain ; but in 
the instance of iron floating on iron, the matter is not so 
apparent. With ice there is an observable expansion, which 
in solid iron is not seen. 

With reference to the floating of water and iron, tlio iron, 
when melted, must bo specifically heavier than it is when 
cold ; or iron, when cold, must he more liulky than when 
hot, in order to bo the same as ice. But to say that iron ex- 
pands so as to occupy more space when it is eold than when 
it is molted or hot, would be to ignore obBorvahle results 
that ocnur in almost every casting iiKide. When a ])attorn 
ie oonatructed to make a casting from, it is made from jV to 
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I of an inch per foot larger than the eaeting is wanted. In 
an open sand mould for making a bar, ring, or plato cast- 
ing, after being poured, the liijiiid iron begins to cool and 
contract, and the contraction is steady and visible from the 
beginning to the end. 

If cast iron expands when cooling (as ia stated hy some 
authors), why is it that u heavy casting, after the mould Is 
filled, requires so much feeding, taking from 300 to 400 
poimda of melted iron to supply the shrinkage of the cool- 
ing iron ? The siitiefactory answering of this question will, 
I think, be troublesome. 

There ia one thing that moulders know to be a fact, and 
that is, when melted iron, when poured into a mould, will 
raise a cojm; bo as to nin out, and perhaps make a bad cast^ 
ing, if the cope is not bolted, clamped, or weighted down 
snfBciontly to resist tbo head pressure, and the momentum 
with which the rising iron cornea up against the cope or 
covering. 

The weight a cope requires on it, to hold it down, de- 
pends on three distinct things; the first of which is the 
height of head or pouring basin above the casting ; the 
second, the velocity with which the iron comes up against 
the surface of the cope; and the third, the number of 
square inches in the lifting surface of the cope or top part 
of the coating. 

In every mould these three conditions, in a greater or less 
degree, are present, and must he provided against. The 
momentum of the iron against the cope ia the reason why a, 
flask sometimes requires so much weight on the cope to hold 
it down. If it were not for this sudden pressure, as it were, 
one-half of the weight used would in some cases be sufS- 
cient. 

For a moulder to say, as some do, that he has a standard 
rule whereby he can figure up the jircBsure on a coi>e, and 
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hence the exact weight required to hold it down, to my view 
is absurd. A standard i-iile for weighting down all moulds 
would be a very good thing, could one be estubliahcd tlmt all 
moulders could use. But I think such a thing is not prac- 
tical in all cases. If, however, tlic mouldor la agood mathc- 
mutician and averager, he may be able to get a fair idea of 
tiie amount of weight required ; but to depend altogether 
on a standard rule of specific gravities, is not safe. In order 
to succeBsfully weight down all flasks, a moulder must have 
EXPERIENCE and good sound judgment. 

The various shapes and forms of castings, and the position 
and forms of runners, also whether a moidd requires slow or 
fast pouring, etc., all require consideration, imd generally call 
for more weight on sume parts of a mould than on other 
parts. The only safe plan in weighting a cope is not to bo 
afraid to have plenty of weight on, egiiecially on that part 
of it where the runners arc located. There are as many 
castings lost from the iron running out behind runners and 
gates, as in any otJier way. 

The cuts B and W show in plan and side view a cast-iron 
weight of about one ton, made expressly for weighting down 
flasks. In a shop provided with a number of these, a 
cope can be reliably weighted very readily. The V grooves 
are cast in the weight, so that it can be broken and rc- 
meltod whenever desired. Some shops, by their own bad 
castings, have supplied themselves with weights, while some 
buy heavy scrap, and again others will fill wrought-iron 
rings with pig-iron to make crane weights. 

The out, showing a cope bolted down, represents a plan 
that some fonndriea have adopted to save labor in hoisting 
on and off weights, and to insure safety. It is almost im- 
possible for a cope to rise so as to have run-outs when firmly 

jolted down in the manner shown, 

^L One, or as many bolting-down floors us can be used in a 
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sliop, will sayc time in making castings that have great lift- 
ing surface on the copes. 

To make a bolting-down floor, as shown, u hole is dug aa 
deep iiB required, and bottom cast-iron binders jilaced solid 
and level. 

On some floors that are wanted for long or largo moulds, 
thcro ean be as many binders aa required, set a handy dis- 
tance apart, which, for a common run of work, is about five 
feet. The binders should be about twelve feet long. On 
the top of those binders are bedded some heavy planks, and 
the sand shoveled in on them^and i-ammed solid ; then the 
bolting-do*vn floor is ready for use. 

TJie slanting coke or cinder bod, shown below the upper 
bed, is sometimes good for moulding castings in a wet or 
damp floor, which, however, is a very bad thing to be both- 
ered with, as tlicre ia nothing that a moulder dreads worse 
than having to make a deep, heavy casting ;n a damp floor. 

I have made castings by this plan where the lowei' part 
of the floor was nothing but mud — sometimes so wet that 
iron plates were laid down before the slanting coke-bed could 
be made. 

By having two beds, as shown, the vents and heat from 
the melted iron, when poured into a mould, is taken off by 
the upper bed. If the heat should get to the lower bed, so 
as to cause steam, there might be danger of scabbing or 
blowing were this lower bed the only one used ; but, as 
shown, there is no danger. A deep wooden box, X, ia set 
in, so that if any water collects below it can be bailed out. 

Some shops can be sewered so as to drain off the water. 
But if this is not possible, it is a good plan to have a deep 
pit or well dug in a shop to collect the drainage, and to col- 
lect the vatcr from wet floora. 

Floors contd have plates full of small lioles under them, 
resting on the top of flat timbers, placed three feet apart^ 
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The timbers should rest on large flat plates on a solid bot- 
tom. The timbers between the upper and lower plates will 
leave an open channel under the mould, and with a good 
bed of coke or cinders laid on the plates, any water collected 
will pass through the holes in the plates to the large open 
channels below, and run into a well, from which it can be 
bailed or pumped out by hand or by a steam-pump. 

Some shops have large tanks of boiler iron sunk into the 
floor, and by moulding inside of them they avoid the damp- 
ness. But there is much objection to their use, on account 
of the shop room spoiled by the edge of the tank coming in 
the way of general jobbing work. 
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ONE HUNDRED ITEMS THAT APPRENTICES 
SHOULD KNOW AND REMEMBER. 

1. Moulding sand contains gases, 

2. The gases in moulding sand pass out when iron is 
poured into a mould. 

3. These gases may pass off in a right way or a wrong way. 

4. When iron bubbles or boils, the gases are passing off 
the wrong way. 

5. When gases pass up through the iron, it is because the 
sand is rammed too hard or is not properly vented. 

6. Hard ramming closes up the porosity of the sand, but 
the vent wire opens it. 

7. Too much water used in mixing sand creates too much 
steam when the mould is poured. 

8. Steam accumulating under liquid iron, will raise and 
blow it up. 

9. When iron bubbles or boils in a mould, it will make a 
scabbed or bad casting. 

10. Iron naturally seeks a soft bed. If poured on a 
hard bed it will bubble and fly. 

11. The face of a mould should always be the softest. 

12. Whenever hard ramming is required, it should be done 
on the outside portion of a mould. 

13. A rammer should never be allowed to strike a pattern 
when ramming up a mould. 

14. When ramming up the sides of a pattern, the pin 
should not go nearer than one inch to the face ; the butt 
should at least be kei)t one and a half inches from the face. 
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15. Too much depth of saiid in a ramming will be apt 
to make swells upon the sides of a casting. 

16. In ramming courses of sand, the rammer should be 
made to feel the under or last course rammed. 

17. Too much venting will seldom do any harm, but 
hard ramming will. 

18. Hard ramming requires good venting. 

19. To vent hard ramming requires muscle, and do ' 
not be afraid to employ it. 

20. Learn to ram even and lightly. 

21. Some moulders will ram harder than others. 

22. He that practices hard ramming will always have the 
most trouble. 

23. Some parts of a mould require and will stand harder 
ramming than others. 

24. The higher the head or pressure upon the lowest 
portion of a mould, the harder should be the ramming 
there. 

25. Plain vertical sides of a mould will stand harder ram- 
ming than the flat bed-surface of a mould. 

26. Cores, or a projection that is surrounded by iron, 
should be rammed even and lightly, and also well vented. 

27. Any bottom section of a mould that is covered 
rapidly with iron, so as to have a pressure upon it, will 
stand harder ramming than where it is to be covered over 
slowly. 

28. The lowest point of a mould's sides is the one which 
should be rammed the hardest. 

29. The highest point of a mould's sides is the one which 
requires to be rammed the lightest. 

30. The flat surfaces of copes will stand harder ramming 
than the bottom surfaces of the mould. 

31. In plain copes the gases and steam are on top of the 
iron. 
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32. In beds or bottoms of moalds, the gases and steam 
are underneath the iron. 

33. Gases or steam do not act well underneath hot iron. 

34. The bottom portions of rammed moulds should always 
be provided with w^ys and means to let the gases and steam 
escape easily. 

35. If there is not a good opportunity for gas and steam 
to escape downwards, it is seldom that there is pressure 
or body of iron strong enough to keep them from passing 
up through the iron, and thereby causing a casting to blow 
or be scabbed. 

36. It does not require so much pressure or force to drive 
steam or gas upwards through iron, as is required that 
the iron may hold or force steam or gases downwards. 

37. The harder the ramming, the more force orpressure will 
iron require in order to drive the gases or steam downwards. 

38. There is less gas in old sand than in new. 

39. Facing-sand, or sand having blacking, flour, or sea-coal 
mixed in with them, contain an increased amount of gases. 

40. The more gas there is in sand, the more venting 
should be done. 

41. Avoid using the swab as much as possible when 
finishing a mould. 

42. Finishing a mould by often using a swab, makes 
rough, scabby casting. 

43. Never patch a mould with a trowel, when you can 
patch it with your hand or fingers. 

44. The less sleeking done in order to properly finish 
a mould, the better will the casting be. 

45. Never sleek twice where once will do. 

46. Patching a mould with your fingers will never cause 
a scabby casting, but too much sleeking will. 

47. When finishing, the lighter you can bear upon your 
tools the better. 
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48. Heavy^ sleeking closes up t&e pores, and makes the 
surface of the mould hard. 

49. A hard surface sleeked mould is apt to cause cold 
shut, and thin scabs on a casting. 

50. The dryer sand can be worked and practically used, 
the better. 

51. The dryer the sand, the more ramming it will stand. 

52. The more ramming a mould will stand, the more strain 
can be put upon it. For heavy castings these last three num- 
bers should be specially remembered. 

53. A mould that needs to be poured fast, generally should 
be well vented. 

54. A fast-poured mould should be well made. 

55. The best way to know if a mould is a good one, is to 
fill it with iron, and then sec if the casting is perfect when 
it is cleaned. 

56. It is not necessary that patterns should be jabbed full 
of holes in order to vent a mould. 

57. One inch thickness of facing-sand, over a mould, will 
peel a casting as well as a foot thick. 

58. The use of facing-sand has caused more bad casting 
than common sand. 

59. Using the facing-sand too strong causes cold shut, 
or streaked castings. 

GO. A cold shut casting is harder to deal with than a 
scabbed one. Scabs can be chipped off, but to hide cold 
shuts has puzzled many a moulder. 

Gl. Do not use facing-sand 1 to 8, wlien 1 to 10 would 
peel the casting. 

G2. Facing-sand will stand the wash, or running of iron, 
better than common sand, where gates or runners are 
cut. 

G3. The first course of ramming in a coi)c slioiild be evenly 
and firmly done. 
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64 The second and third courses do not rei|iiirc us much 
Tammitig us the lirst does. 

65. The butt rammer ia used to iiinke the Siind BoHd be- 
tween the bars, so as to keep it from dropping out. 

66. In using thu butt rammer, be careful not to pound tho 
cross bars, as you will be apt to loosen the sand on the face 
of the bare. 

67. Always know that the bars of your flask are solid and 
nailed in, so as not to get loose. 

68. When jour cope ison, try if it will twist in the pin- 
boles or not, us a citsting that has been made in a mould 
tliat lias not been carefully closed, looks badly. 

fiS. Whenever you cut out the bars of a cope, do not for- 
get that bars in a cope are put there to hold or lift np the 
sand. 

70. If you can avoid having gaggers sticking up above tho 
top of a cope, do so, as by this many a casting has been lost. 

71. Avoid using thick, heavy gaggers as much as possible. 
73. Always make sure of having two-thirds of the length 

of a gagger between tho bars, when you b^ve a body of sand 
to lift. 

73. The sand between the bars holds the gnggers. and the 
Bond below the bars should be lifted by the gaggers. 

'7i. If there is not sufficient depth of sand between the 
bars, exceeding in inches that below it, wooden soidiera 
, should be tacked on tho bars to assist tbc gaggers. 

75. Never lose sight of tlio fact that iron gaggers arc 
heavier than the same proportion of sand. 

76. A hanging body of sand would stand a better chance' 
of being lifted by having no gaggor, than by having a lot of 
ehort gaggers coming only an inch or two up between the bars. 

77. Keep the toii of your pouring runners free from a lot 
of loose sand around the hole, by packing it firmly with your 
hand, and then swabbing it over lightly with water. 
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78. Never pour a ladle of iron uoless it will be skimmed, 
and stand so that you need not move after commencing to 
pour. 

i9. If the castingB are light, they should not be left in the 
sand over night, aa they are apt to get rusty, 

80. Ciistings that will keep red-hot fi>r two or three liours 
after being poured, are best kept covered over with aand un^ J 
they become cold, since leaving them exposed to the cSectsa 
of the atmosphere, destroys the good color of a ousting. 
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81. Keep on good terms with the foreman, if you wish a9 
chance to learn these branches of the trade. 

82. Dry sand moulds, as a general thing, should be rammed: J 
harder than green smd. 

83. Dry sand does not require as much venting as greenJ 
Band, and there arv. munj niouldg that can be cast withoolfl 
having a vent in them. 

84. There is less gas in dry sand tlian green sand, and i£9 
a mould is thoroughly dried, tliere is no steam to conteo^l 
with. 

85. When ramming dry sand moulds, be just us carefu^fl 
to avoid hitting the pattern with the rammer, as wit' 
sand moulds. 

86. All joints made on dry sand or loam moulds must I 
pressed or sleeked down, so as to leave a fin upon the castingi 
as this class of moulds would crush, if the joints were 1 
as the mould was parted. 

87. There is an old maxim, that it is better to have a i 
than a crush, the truth of which many old experience 
moulders have found to their sorrow, 

88. When finishing dry sand moulds, sand should i 
be patched or sleeked nn on-noth or el(4il-pd gurfaces. 
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89. Dry sand mixtures depend upon what kind of sand or 
loam a shop uses ; almost every shop has a different way of 
mixing dry sand and loam. 

90. A close mixture of loam or dry sand is very liable to 
scab, while if it is too open, the mould will not stand the 
dropping or washing effect of the iron, when poured. 

91. To know what proportions of sharp and loam sands 
to mix together, a man must have experience, but some few 
places have a natural loam or dry sand that requires no 
mixed proportions. 

92. Dry sand or loam moulds, if not thoroughly dried, 
generally cause a casting to become scabbed. 

93. A casting poured hot will finish up cleaner than one 
poured dull, but a casting poured with dull iron will take a 
greater strain or weight to break it, than one i)oured with 
hot iron. 

94. It will take more strain to break cast-iron when there 
is heat in it, than when it is cold, and the same is true of 
wrought-iron. In winter, or very cold weather, chains should 
not be used to hoist as much as in the summer time ; some- 
times it is best to heat a cold chain before hoisting a 
heavy weight. 

95. It is not safe to hoist more than — 

20 tons with a 1" chain. 
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If chains are not made of the best iron, we should not 
hoist more than two-thirds of the weights given. 

96. When learning your trade, don't let your conceit run 
off with your common sense, as such conduct makes your 
superiors dislike you. 



124 GREEN 8AKD MOULDIl^. ^ ^ 

97. Whenever you want to know anything, if you have 
friends, they will tell you, and without such help you can do 
but little. 

98. Apprentices cannot afford to lose the good-will or 
friendship of any one in their shops. 

99. A good apprentice will make a good journeyman. 

100. Never allow yourself to think that you have learned 
the entire moulder's trade, for one's knowledge here can 
constantly be increased ; no man has yet mastered the 
moulder's trade. 
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BinLDING AND FIRING LARGE OVENS. 

There is nothing in a foundry that is ordinarily bo illy 
coiisti-ucted, and with which so mucli fault ia found, aa thi 
ovens for di'ying muiiMB and largo cores. Auk any muiiJder 
who has traveled considerably, how many ovens he knows of 
that give good satisfaction, and it will tax hia memory to 
tell of more than two or three, and then if they are not 
located so as to he in the way, or take up the beat portion of 
the shop, it will be a wonder. 

When building a, foundry, the locating of the oven should 
be attended to by a thoroughly practiciil man, and is a mutter 
that should receive much thought and attention, as there 
are few sliops in wliich they can be built on the same genei-alj 
plan. Ovens should be built whero they will be out of the 
way of doors, gangways, and green sand floors, and, if poa- 
siblc, should bo in that section of the shop where the loam ■ 
and dry sand work can be done to the best advantage. Itti 
some shops ovens are placed so that the truck has to be 
curved in order to run the carriage under the sweep of the 
crano. This is a veiy bad plan, as the car, when heavily 
loaded, moves hard on a cun-e. 

When the ground room will allow it, and the shop room 
is small, it is best to have the ovens built outside the shop, 
having the entrance even with the inside wall. 

In building ovens it is also important to know and provide 
•for the class of work intended to lie made or dried, as some 
work will not stand to be dried fast. Such work as 
oores, cylinders, gears, or any fine dry-sand or loam mouldi 
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should be dried with a fair, even fire, especially if the 
moulds are to be blackt'd dry. Such moulds a& rolls, spin- 
libs, propel ler-whcols, or other coarse work, will usually 
stand a hot fire. TJiere is nothing bo bad to handle as burnt 
moalds or cores, for which the poor night-watchman aeldom 
escapes blame. 

Mixtures of dry or core sand, having plenty of loam and 
sharp sand in tlicm, will stand a hotter lire without being 
burnt than sand having flour, meal, or much moulding sand 
mised with it. 

For largo cores that must he dried quickly, and without, 
cracking or being burnt, the less flour and the more clay, 
wash used for mixing the sand, the better. 

For fuel in firing up ovens, coke is the best, and shoul 
ho used more than it is. Hard coal is good and makes a 
Qrc, but its extra expense id an objection. It is a good plaa 
to mix a little in the fire witli the coke, wlien a very hot fire 
is wanted. Most ovens ai-e fired with soft slack coal, on 
account of its cheapness. It is good for drying I'ough work, 
but a serious objection is the soot and dirt it makes. Look 
at a moulder after he has been inside a cylinder, brushing or 
cleaning tlio mould, and he is so black and dirty that yoo 
woiild hardly know him. The question is, can a man in 
such 11 condition feel like doing a clean, neat, mechanical 
job ? A soft coal fire is not a steady fire, and it requires 
close attention to keep it going, and will bum moulds and 
cores very often. Moulds or cores blacked dry, with this 
kind of firing, generally make a rough surface, on account of 
the oily substance the smoke and soot leave on the face. With 
a coke fire, moulds or cores can be blacked dry in a neat, 
clean manner, being almost as clean when they come out 
when they go into the oven. It makes a steady [i: 
needs very little watching ; and with a fire basket, like 
one shown in the cut, you need not bother the night-waic] 
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man to do any firing during tho night, Sliould your moald 
or core be burnt, you can blame no one but tliP man who 
fixed the fire before going home. 

If you want a good hot tire, fill up your baijket full of 
mediuni-sized coke, and leave tlm drafts ojieu. 

Slionld you want a alow fire tJie first part of tiie night, ao 
ae not to blister the green blacking, or criick open the ci 
leave tlie drafts partially closed, and Jiave ttic watchman open 
them in an hour or two. 

Should yciu want a alow fire all night, only have the basket 

half filled, and keep the drafts all cloBed. Wlien tho tiro i 

renewed In the morning, shake up the grate bars, and run a 

bar between the upright bars, to loosen ujt tho fire and get the 

clinkers out, and then put on more coke, and your fire will 

mil all right again till night. A basket of the dimonsiunB 

shown is large enough to heat an oven 10 feet wide, 18 feet 

long, and 8 feet high. For very large ovl'Hb, it would bo 

t better to have two baskets, one on each side of the oven, and 

I iorall-aized ovens to have extensions built, as shown attached 

I to the revolving oven {in article "Ovens for Drjing Small 

I Cores"), and to have the fire basket placed in the estension. 

I When the fire-places are built inside the oven, there is a large 

1 Bpace to be heated that cannot be used to any advantage, 

I which causes a loss of fuel. 

I In arranging for the fire basket, two bearing bnrs are built 
I into the brick walls to support the grate bars, and the bottom 
I is Iwdded on a solid brick foundation, the front of which is 
i left open, so as to admit n draft and to get out the aehes. 
I' The back and aides are closed up, so no cold air can get into 
I the oven. What air does get in is heated, as it has to pass 
1 through the fire, making an increased draft and combus- 
Ktion. j 

■ The top basket frame is supported by tho foiir comer up- ' 

■ rights, which have projecting pieces east on them for this J 
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purpose. Should any of the nprighi bars get Immt out, 
they can be taken out and new ones put in. 

The inside, which is subjected to the direct heat from the 
fire, should bo built of fire-brick, and the wliolo brick-work 
of the extension slionld bo well stayed with binders and bolts, 
so an to keop the heat from cracking it. 

This plan of a coke basket and fire-place is from one I 
constructed not long ago, and it gives perfect satisfaction. 
Attached to the fire basket is a firo front not shown. The 
lug, B, is one of four that are cast on tlie face of the basket 
frames for bolting the front to. The ])urpoao is to make the 
flre-placc all air-tight above the grate bars. The front haa 
two doors that can be opened for shoveling in coke. Also 
slides open o]tposito each space in the basket, so as to get at 
the fire. The slide or damper is made to close the openings, 
BO that, if the thin sheet-iron outside doors, XJf^ we re opened, 
you could see no fire. These doors do not come down within 
2" or 3" of the bottom, the space being to admit air. "When 
the draft is to be closed air-tight, a loose jilate is used toS 
close the bottom opening, and sand shoveled against thel 
joints. M 

The most essential point in constructing ovens is to haTtf'fl 
good draft arrangements. In most ovens there should bea|3 
top and bottom flue opening into the chimney, with dampeiH^ 
to open and close them. It is a good thing to liave a coverfl 
placed over the top of tiie chimney hole, and made to openS 
and shut; and, when you want to rebiin tlie heat, and kee{fl 
the oveti from getting cold, shut down the cover, and it wl]^fl 
save two or more hours' firing when the oven is not wante^f 
for a day or so. ^M 

The styles of fire-places nsed ai-o various, but the twoshowJlH 
are the best that I know of. Tlie one above described is th^H 
best fordrying a fine clasa of woi-k that requires an even, stead jfl 
fire; but where you want a strong b^" ' '- nioiiKla that wiD J 
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stand to bedriiHl quickly, the nnderflue firing oven, as shown, ] 
will do tho beat work. In this style of a fire-plaee tiic lieat 
comes up from the bottom 
through the holes made 
in cast iron plates. The 
plates are made 1^" thick, 
and in seLtions, so that 
they can be hftodhy hand 
to clean out the fluea^ 
The o\en is shown havfl 
ing the reir r>nd opeaS 
oIbo one side of the firing' 
pit, and the arched liriek 
covering over the fire- 
place, by whicli means the construction of the two flues that 
run the whole lengh of the oven can be seen. 

These flues should be built with fire-brick, and it is best 
to have about six feet of the covering of the end connecteij 
with the fire-place arched over witli fire-bricks instead oi t 
perforated iron plates. 
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of the shop floor, and steps are needed to get down to attend 
to the fire. Should this pit be built outside t}je shop, it 
should be constructed so as to keep the rain or water from 
getting into the pit. 

The size of this fire-place is enough to heat a larger oven 
than the one shown. This oven shows a flat top, supported 
by railroad bars, with sheet-iron plates on top of them, and 
a course of bricks over the whole, to keep the heat from es- 
caping. This style of covering I prefer to an arched brick 
top, with which there is a large space to be heated that can 
hardly ever be used. 

This flue oven would work well with a coke basket, instead 
of the coal fire-place, but would not make so hot an oven, or 
dry as quickly. Ovens could be made having a basket coke 
fire, as shown, attached to the revolving core oven, and the 
under-fiue arrangement also with a coke fire. To make a 
very hot oven, both fires could be used, and for slow drying, 
either one or the other. With this combination, any class 
of work can be properly dried. 
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OVENS FOR DRYING SMALL CORES. 

It is very important to liave in a foundry an oven that 
will dry cores at short notice, and without burning tliem. 
1 have seen a large variety of core ovens, and yery few of 
them were good for anything, aa they would bum the cores, 
or require a long time to dry them. 

There arc shops tlmt have nothing but largo ovens for 
drying small cores, which ia all well enough as long as they 
have cores to fill the oven with ; but to fire up a large oven 
to dry a few small cores, which is often done, ia a very es_ 
pensive and a slow process. 

In building ovens, the builder or designer sometimes 
aeems to have thought all that was required was a fire-place 
and a space to pile cores in ; whereas, with a little more 
thought, they might have had an oven that would have been 
a success, and have cost no more than the apology for one. 

The revolving oven, shown in sectional elevation (first il- 
lustration), is round, with an upright cast-iron shaft, hav- 
ing five flanges on wliicli to bolt plates or arms J, ^, the 
shape of which is shown at B. This oven is built with an 
8" brick wall to form the outside, and a cast-iron plate for 
the top, on which is a box, D, to which a cap can be bolted, to 
hold the top' of the shaft, the bottom of which resta in a 
cast-iron seat. 

The fire-place should be built outside of the circle, as 
shown, BO that the cores will not get the direct heat from 
the fire. In building the walls, hinges ff, H, should be built 
in for hanging the oven-door to. This door should be made 
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in two pieces,8o as to open to the right and left, and should bai 
the full height of oven, to provide for putting cores on thfr. 
top shelves. The chimney should have a top Hue, as well 

bottom one, as shown at P P, and dampers in both, so 
to throw the heat down or up, us required. When startinj 
a, fire both dampers should be open, and when the cores to ' 
dried are on the top shelf, the bottom damper may be cloi 
and vice versa. 

This style of oven is very handy for drying cores that can 
be lifted by hand, and will hold and dry more cores with less 
fuel than any oven I know of. Should you want to dry a 
single core quick, put it on the top shelf, and turn it arpund 
to the fire. This oven can be filled with cores, and they 
can be taken out again without going farther than the door, 
which alone ia of great value to a core-maker. The size, 
of this oven was about eight feet in diameter, and seven f< 
high. 

The second cut is a plan of an oven I made last winter, 
and, for a small one, I think it will be hard to beat. It will 
dry cores on the bottom as well as at the top, and in a very 
short time, and without burning them. The amount of fuel 
used is small. It is made with two doors to open right and 
left, BO that cores can be put in and taken out handily. 
The loose bars, X, can be taken out or moved, bo as to make 
room for large cores, Tbe.opening to the fire is at the back, 
BO as to keep all dirt and ashca out of the core-room, and the 
heat is drawn under to the other end of the oven, and ■ 
at the bottom flue, the top flue, or damper, being only opei 
when the flre is started, so as to let the smoke out, and k( 
the oven clean from soot. 

When starting a fire, the bottom damper being closed gives 
a direct draft, as shown by the arrow. The top damper is 
as to close uj) the front, hut when pulled back it 
only partly cloaca np the chimney. The bottom damjwr 
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made so as to close up the direct draft when the heat is 
wanted to go into the oven, as shown. 

This oven consists mostly of cast-iron plates, brick being 
used only for the fire-place, between the two bottom plates, 
for the ends of the oven, and for the chimney, which is at 
one corner of the oven. The bottom plate, or the one over 
the fire, should be made about one inch thick, to stand the 
heat. 

Theholeand*covershownat-4 is used for taking out the soot, 
or what dirt may gather between the two plates. For firing, 
coke is used, which makes a good, clean, and cheap fire, and 
does not make the surface of the cores oily, as slack or soft 
coal does. 

It is hard to blacken cores dried with soft coal, costing 
time of the core-maker, and often causing rough spots in the 
castings. 
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fTWO WAYS OF MOULDING OKUOKED PIPES IN" 
LOAM. 

The adage, " There is nothing new ander the Bun," muBt 
K'bave been written more for t!ie consolation of those who 

■ sever tried to lind anything new, than for men wlio have 
Kspeut yeara or a lifetime in bringing to light some principle 

nvention. Literally, the adiige is tnio enough ; but, in 

■ any event, there is one thing men shoidd get credit for, and 

■ that is, the improvenienta tliey make on old tricks. The 
■different ways there are of doing the same thing, can only bo 
1 accounted for by mcii'a minda traveling through different 
l-channels to find them. There are all kinds of old tricks or 
I plans for every existing occupation, and iilao for many that 

3 to come into existence, and in this the moulder seems to 
have been provided for as well as other tradesmen. If he 
will only liunt for them, he will be astonished at the num- 
ber stored up for him. 

The cuts here shown represent the result of two moulders 
eearching for a rigging to mould or sweep up crooked pipes 
in loam. The moulding of these pipes shows the diversity 
of minds, and the difEereut ways different men will adopt to 
do the same job, or the same class of work. Each plan hero 
shown has its special advantage as well as its disadvantages, 
which the practical man can readily see. What would be 
an objectionable feature for this job, might be a very accept- 
able ono for some other job. 

The upper cut shows the process of sweeping the bottom 
and top part of the pipe aeparately ; also how the top or 
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cojTC is rolled over, su aa to be closed i 
part. 

The lower cut illnstratea n plan in which the cope was 
built Boaa to save rolling over, which, for very large pipes, ia 
a l)oint of considerable importance. 

In moulding the upper i)ipe, there are Eomo principles in- 
volved and adopted, in order to have a good chance to finish 
the cope, and to save labor in the long run. The handles 1, 
8,' and 3 belong to the bottom plate. No. 4 is a 6ection>1 
showing a part of the croea bars that are bolted to the to] 
plates, between which bricks are wedged, so that they ctu 
not fall ont wlien the cope is rolled over. E E show tlM 
end view of plates having prickers on. These plates, wliej 
bolted down, as shown, assist the lioldiug in of the bricl^ 
under them, and the prickers can be daubed up with loanil 
or a dry sand mixture to form the top joint. H shows hoii] 
the two end cross bars are made, having prickers cast i 
them to hold the sand that ia rammed between them tt^ 
forming the flanges and end joints. 

For moulding or sweeping this pipe, a wooden frame, J 
JT, having screwed to it the fiangesj as seen, is used. Thi 
frame ia first blocked up level in the position wanted, a 
then as the brick-work ia built up, or the loam rubbed on, ; 
Bwee]), D, the front view of which is ahown at^, is worked' 
along on the frame XX, so as to sweep np the mould. 

In making tliis mould there were no core prints, or bear- 
ings at the ends, for the core to rest on. The mould ended 
on the outside of the flanges, and to form the face of the 
flanges and core prints there were lialf-])ricked plates used, 
as shown at /"on the plan and end elevation. The trunnioD8_ 
cast on these plates made them easy to handle. 

When the bottom part of mould waa set down to be got i 
to cast, one of theae half-plates was set up against eacl 
of the flanges or mould, and wedged ui) until thehalf-r 
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hole in the two measurod correctly to answer the puiTiose of 
a, core print, and after the two chajilets were placed, the 
core was set in, and the cope roiled overbjnsing two cranes; 
one crane beiDg hitched to the handles 3 and 4, and hoisted 
up. as shown, until ifceame on to the sand pile T, so as to pre- 
vent any sudden over- balancing. After this, the second crane 
is hitched to the upper haudlee, 1 and 2, and the cope 
hoisted np clear from the ground. Then by hoisting upon 
the crane, as shown, the cope is completely turned over, 
after which one crane can handle it, and place it wherever 
wanted. 

After the cope is placed truly on top of (he bottom part of 
the mould, in doing which there can be no trouble, as the 
top ends are all open bo that the moulder can put in his 
hands and feel the two joints as well as see them, two upper 
end plates, which are not shown, are lowered over the ends 
of the core and pressed up against the face of the upper 
flange, being held there by props, clamps, or bolts. The 
mould ia then ready to be rammed up and got ready for east- 
ing ; it being poured with two runners at the bottom, aa 
shown. 

The lower cut shows a plan in which there is less rigging 
used, at the expense of extra labor required to make the 
mould. In moulding this pipe, a frame was used, the same 
as described above, with tLe exception of core prints being 
fastened to the flanges. When the mould was swept up the 
core prints were also formed. 

A, shows the sweep for forming the bottom part of the 
mould, and W, the sweep for forming the outside diameter 
over which the cope is bnilt. The elevation shows the 
bottom half of the mould all ready for having the bricks 
bnilt to form the coiie. P P, is the iron lifting-plate, 
which, us seen in the plan, is one continuous plate entirely 
around the mould, being kejit back from the ends of tl 
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core prints to allow plenty of room for the core wlieti it is 
placed in the mould. 

}', shows a relifflblo way of forming a falso mould or ease 
for building the cope over. Sometimes the top, or fjilse, 
mould is formed of all sand instead of as sliowii. After 
the brick-work of the cope ia completed, it is best to cover 
it over with a plate to ])rot.ect the bricks. If necessary, 
this plato can bo bolted down to tlie joint lifting-pla'e. 
When all is ready, the C0]» ia hoistt'd off by 4, 5, (!, uud 7. 
and the cope finished overhead. The false mould )'. and 
loose sand in the bottom is tlien all removed, and the bottom 
part of the mould finished. 

The cores for both of these pipes were made in the ordinary 
manner; cast-iron core arbors and plates being oast the 
shape of the pipes on which the cores were swept nji with 
common core sand. When dried, the halves were pasted 
togetlter for the lower casting, but for the npiier one, the 
halves were not pasted together. 

After the joints were rabbed together, so as to make the 
core of the right diameter, the bottom half of the core 
was set in the mould, and the top half was set on, without 
using any paste whatever, thereby saving the labor of bolt- 
ing the halves together, or using heavy straps to lift the 
core by. 

The figures on the lower cut, 1, 2, 3, 4, and 5, show the 
position of the pouring gates. Tliis easting was poured by 
having the iron drop on the top of the core, which, for 
thin castings, ialjetter than having the casting poured from 
the bottom, in which case, by the time the iron fills up to 
the top, it is apt to be dull, and cause the top of the casting 
to be cold shut. 

Sometimes, when making such pipes, the core is nia^e 
similar to that known as a loam core. The bottom half of 
the core is nuide by using iin iron pricked frame tbo shape 
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of the pipe wanted. Tho irame is set on an iron plate 
made also the shapo of the pipe, such piate being 1^" wider 
than tlie diameter of the core, so as to leave room for the 
sweep to work in. When forming the core, the prickered 
frame as the center portion, is filled with coarse cinders or 
gravel, to take the vent off ; the frame is then wedged full 
of bricks, so as to leave room for an ordinarj- coat of loam 
which IB swept on, and the bottom half of the core is 
formed by the nse of such a sweep as is shown at W. This 
half core is run in an oven and dried, while the bottom part 
of the mould is being swept or bricked up, as shown by the 
elevation of tho lower plan of making a pipe. "When the 
bottom half of the mould is ready, the half core is taken 
out, and rolled over on a bed of sand ; then, by the lifting- 
hooka or screw holes provided in i.he iron core frame, it is 
hoisted up and set in tho bottom lialf of the mould, the 
space left open to form tho thioknesa of the casting is tiien 
filleiS up with dry aaud. This leaves the bottom half of the 
mould formed as far as tho making of the core and mould is 
eoneerned. The frame which was used for sweeping up the 
bottom part of tho mould is reset, and the top half of the 
core is bricked and swept up. A tliickness is then swept on 
over tho top half of the core, and after the wooden flange 
patterns have been secured to their places, the forming- 
framo is then taken off, and a joint lifting-plate, as shown 
at P P, is then set on, and the cope built up. After being 
lifted off, the thieknees is taken off, and the whole core is 
hoisted out, and each part being finished, is separately set 
in the oven to be dried. The closing of tho mould, and 
chappleting of the core, is done in the same way as if a dry 
sand core had been uted. 

Square pipes are often made after the above plan, as far 
as principle is concerned ; the ways and manner of sweep- 
ing are often changed in order to fonn different angl 
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To make the thickness on a straight side, where it would be 
difficult for green sand to stay, often a flat loam cake is 
nailed instead of waiting for loam and pieces of bricks to 
get stiff. In lifting a cope from a square print or any part 
of a mould, where there would be danger of it breaking or 
pulling up the mould or prints. It is a good thing to lay 
some thin slabs of wood between the two parts, and before 
the loam gets too stiff or hard pull them out, and thus 
leave an open space between the core and the outside mould, 
allowing a little play when lifting off the cope. 
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MOULDING LARGE QUARTER-TURN I 
IN LOAM. 

The versatility of lottm moulding, or the aptness of the 
moalilor to change from one uourae of treatment to another, 
is geuerulty caused by eome crookedneBs ia the shape or form 
of the casting to bo niude. 

The quarttT-turn piixt piittern shown is a full wooden one, 
and the moulder who had it made must have well considered 
all the essential points before ordering it, as the cost of mak- 
ing such a puttern must have been considerable. As this job 
was a standard one, the full pattern Would pay for itself in 
the saving of labor in moulding it in a short time. 

Some readers of the American Mackhmt will remcmtfi 

that I advocated the use of sweeps instead of patterns tat ^ 
making loam castings, and lest they may think there ia a 
lack of harmony, they may also remember that I advocated 
their use when it was practicable to use them, and not under 
all circumstances. 

In the case of this (|uarter-tum pipe, there is not much 
more than two feet st|nare, but would require a sweep of a 
diSerent shape to sweep the mould with. Some will saythe 
pattern might have been made a skeleton, or the pipe caat 
llatwuys by using a frame and sweej*. I think, however, the 
l)lan shown is the most practicable. 

These quarter-turn pipes were bolted to the large pipes 
cast in green sand, the manner of moulding of which was 
shown in the American Machinist of Sept. 3, 1881. Io_5 
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making the rigging for moulding the quiirtcr-tum pipes, the 
bottom pliite and lifting ring were cast very thick, ua they 
had to carrj' a heavy weight. Had they been lighter, they 
would Iiave been liable to have sprung, ao aa to cause the 
mould or brick-work to crack oiwn. 

The bottom plate ia eet solid on iron bearings. The Iift- 
ing-ring is then set on even and true with the outside edge 
of the bottom plates, after which the full pattern is Bet on 
and blocked up in position as shown. The brick-work is then 
built under it, using a light straight edge, and having for a 
guide the edge of the lower flange, and the insidt- face of the 
lifting-ping to form the bevel joint, which sepanites the out- 
side from the inside part of the mould. This joint also 
forms a guide to close the mould together by. 

The inside face of this lifting-ring should be well oiled 
when it is first set on, to prevent the wet loam from sticking 
to it. When finighing up this joint, it ia well oiled, and 
parting sand is sprinkled over it. Charcoal blacking, wet 
with water, conld be used instead of oil, to make the outside 
part from the bevel joint. Charcoal is a very light substance, 
;Bnd when the water evaporates from it, the charcoal returns 
its original dusty state. Tiioreforo when the charcoal 
ilaokingisbnishedon to form a joint, the loam, as it stiffens, 
absorbs the water, leaving a thin layer of dusty charcoal, 
which makes a joint between parts of moulds that are to be 
eepanited. 

"When building this brick-work under the pattern, it is 
built BO as to form body, or thickness of wall, enough for 
the core to be built on; and at the same time the core is built 
■up 3 or 3 courses, or layers of brick, so as to hold the pattern 
lace, and to form a guide by which to set the pattern 

ilc to finish building the core. The outside of the mould 

built first, and then the core. To make a joint, so that 
outside part of the mould can be made to separate i 
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liiilvea, ono half of the outBido is first bnilt, and then an up- 
right joint is made, nsing for a guide the parting in the 
pattern. This joint is then oiled or blacked, after which 
the other half of the outside is built up. 

Soma of these pipes had a branch ca^ on them, as 
shown. The small jiricked loamed plates, E, E, E, which 
should be about two feet long, are built in with the brick- 
work for supporting under and over the branch when 
the pattern is drawn. When the mould is being closed 
together to cast, after one half is closed on, the round core, 
Y, is set in a round ])rint formed about three inches deep 
in the main core. The other end of this branch core 
is bolted back against the half print, as shown. The brick- 
work is not shown on the side of the pipe. This gives 
a clear Tiew of the wooden pattern, loam plates, and branch 
core. When the brick-work is built up nearly to the top, 
a light cast-iron ring, D, D, sjjlit in halves, is set on to 
ati-engtlien the brick-work. The outside is then bricked 
up to the top, and the top joint made. 

The jiieees of wood, 1, 'i, 3, 4, and 6, that are screwed on 
the pattern to hold the parts together, ai-e unscrewed 
and taken off. The three-winged east-iron croaa, shown at 
X, has three chains hooked in the staples, there being two 
cast in each wing, bo aa to give a better chance to regidate 
the lifting oft. In the cut there is only one half ring 
shown. When the outside parts of the mould ai-c ready to 
be separated, the lifting irons or bolts arc hitched in the three 
ring handles, /(, B, B. Hidf of the mould is then hoisted 
a little, and should it not hang just right, lower it down and 
adjust the stin-ups till it horsia level. 

The half mould, when hoisted off, is pushed around to the 
oven carriage and lowered on it, which operutioti is I'epeatod 
with the other half. The pattenia are now drawn, and the _ 
monlds finished and run into the oven to dry. The t 
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half patterns arc nnw Bet back in their original places, and 
pieces are screwed to the ontside to hold thfl two parts 
together. The core is now made, and with a four-winged 
cross hitched to the four handles, S, S, S, S, the bottom 
plato and core are also hoisted on an oven carriage. The 
imtteni is drawn, and the core finished and run into the 
oven to dry. While these are drj-ing, a top ring (not 
shown) is made to cover the top flange with. 

When all the moulds are drj-, the bottom and core 
are hoisted off firet and set level where wanted. The out- 
side halves are then placed on the bottom in their place, and 
the toj) covering riug set on. The whole mould is now 
ready to be bolted togetiier, which is done by bolting 
the top covering ring down to the bottom plato, the handle 
being used to bolt the two together. The mould is not 
sunk in the floor or pit, but is set up on the shop floor and 
the sand rammed up around it, a staging being nsed to pass 
the sund up. 

Wlicn the mould is cast, the bolts in the eheet-Jron curb- 
ing are taken out, and the curbiug taken away. Then, 
by digging around the bottom of the sand, the upper portion 
will fall down. 

W, W, W, show three gates cut into the flange, and 
E the u]iright runner, one of which is on each half of the 
mould. A flow-off gale is on the low side of the pipe, and 
a feeder on the high side, as shown. The 'eastings made in 
this way were good and solid. 
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MOULDING KETTLES IN LOAM. 

In the engraving is represented the common method of 
making kettles in loam. The bottom plute X rests solid 
on three or four blocks, as shown at PP, the inside sweep is 
attached to the spindle and the bevel-joint Dy the top of 
the flange and the inside of the kettle is bricked and swept 
up. After the loam has become stiff and hard, the outside 
sweep is attached, and a thickness is swept up, on which the 
flange and the outside of the kettle are formed. This thick- 
ness is generally formed with green sand, keeping the sweep 
up, so as to sweep from -^' to |" thicker than the casting 
required. This gives the required thickness when the sand 
is sleeked. Over this sleeked surface a coat of clay wash is 
brushed and dried hard, thus making a solid surface to build 
against. To form a joint between the thickness and out- 
side, oil and parting sand are used. Sometimes, instead of 
keeping the sweep up, to allow sleeking, and clay washing 
over the surface, the sweep is set to give the thickness 
wanted, and after the green sand thickness is roughly swe])t 
up, a thin coat of loam is swept upon the green sand, 
thereby forming a smootii surface. 

There is not much trouble in sweeping up a plain surface 
thickness on loam moulds witli green sand, but where there 
are flanges or projections it requires time and patience. It 
is a good plan, for instance, instead of sweeping up the 
flange thickness with green sand, to form it with pieces of 
brick and loam. In some instances this plan is adopted. 
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Sometimes wooden segments are used to form tLe flange 
of the kettle. After putting on the thickness the joint \a 
cleaned off and oiled, and jiiirting sand sprinkled over it, 
after which the ontside lifting-ring. liJJ, is set on, and the 
outside of the mould bricked oji, as from B. After the 
thickness has been swept n\t, the spindle is hoisted out 
and the Ijole firmly bricked up. The outside being bricked 
up, it is then hoisted off by the fonr handles IT. The 
thickness is then taken off and the mould finished up and 
put into the ovon, or dried on tiie floor. 

In getting ready to cast, a sheet-iron curbing is set around 
the outside of the mould, and sand rammed between it and 
the brick-work, the same as in similar loam moulds. After 
this sand has been rammed about six inches above the top 
of the brick-work, a flat jilate is bedded on and wedged or 
held down hy the use of an iron cross, and slings hitched to 
it and to the four handles of the bottom plate. When ram- 
ming this sand, care must be used, as it is uot liku ramming 
»npa iiliiiii vertical loam mould. The pounding of the ram- ,^M 
mcr should be lighter the higher up it is used ; in fact, the ^| 
upper parts do not require hard ramming. ^| 
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The lower part of the mould should be rammed solid and 
hard, as there is considerable strain there ; but for the top, 
if the sand is firmly tramped and the plate solidly bedded 
down, it will require but very light ramming. 

For running kettles moulded in this way a number ai 
small grates are in general set around the top, one being 
shown at E. If run from the bottom, such castings are 
likely not to he solid, because the iron gets dull before it 
reaches the to|i, and also because the dirt liaa a better 
chance to gather in lumps or streaks, thereby making 
spongy iron. Even when the casting is poured from the 
top there will be more or less dirt, but it will not be so bad 
as when run from the bottom. 
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It JB yerj important in casting kettles to properly ctury o^i 

the vent from the insiile of t!ie core. 

Kut many years ago un accident happened to a moulder, 
iia acquaiataoce of tho author, that came near costing him 
his life and setting fire to the shop, hy the blowing up of the 
mould wiicn being cast. When the mould was nearly full 
of iron, there was an explosion that threw out the moat of 
the iron in the mould. The trouble was in making iio ]iro- 
viaion for vent except one small tube or pipe, and the mould 
being poured fast, gas was generated rapidly, producing 
what is sometimes called fire-damp. There being only one 
pipe and lighted with shavings, tho gas took fire, and running 
downwards to the gas ingidc the brick mould, it instantly 
exploded. 

In moulds that have a confined air space, when the gas of' 
the mould is driven by tlio heat of the melted iron it exerts. 
a pressure. This preasure, if given a good chance to escape, 
relieves itself without doing any harm. To provide a proper' 
escape, the bottom port of such moulds are better if left 
open; as, for instance, in ramming up the mould, shown 
in the cut, instead of letting the curbing come down below 
the bottom of the mould, as shown at T, let the curbing rest 
on tho handles, or on some blocks, bo as to be up above tho 
bottom of the mould, aa shown at A. By this means, when 
the mould is rammed up, the underneath portion'is all left 
open, and when the mould is being poured, no fears of an 
explosion from foul gas taking fire need be entertained. 

This is applicable to the casting of steam cylinders having 
one head cast in, or hollow castings that have the bottom 
cast up. Many moulders, to avoid trouble with such cast- 
ings, will fill uj) all the open space with dry dust or 
cinders. 

If a mould cannot beleft entirely open around the hottom;. 
there should be two pipes, or openings (the larger tho 
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which will form a draft and give more chance for the gas to 
escape. 

When gases explode, the explosion is caused by heat or 
flame. Gases can be raised to such a temperature as to 
ignite themselves, which will account for the explosion of 
moulds where fire cannot reach the vents. 

Moulders sometimes use what is called a cold vent, which 
works well for some classes of green sand moulds ; but for 
such loam moulds as the one sjiown in the cut, they are 
not used. 

A cold vent is one where the vent pipe is led awo^y from 
the mould to insure it agaipst being lighted by any flying 
sparks, so as to have the vent come off without burning. 

If we can by setting fire to shavings underneath a loam 
mould or core, set on fire the inflammable gases as soon as 
they are driven out of the mould, the explosion, if any 
occurs, will be very light, and with the gases once on fire, 
and good outlets for their escape, there will be no danger. 
But should we wait until there is a large volume of gases 
generated and then set fire to them, it will be dangerous. 

7* 
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CASTING ANVIL BLOCKS. 

Undoubtedly the heaviest castings ever made Iiavo becD 
for anvil Ijlocks. One casting for this jnirpoao, made in 
Knsaia, weigheil 600 tons, while in this ctiuntry one lias been 
made weighing IGO tons. 

The cut represents diSorent ways of moulding anvil 
blocks. The main i>oint to be considered in making such 
a class of casting is to have good, solid, ground betirings and 
a strong bottom plate, so as to eiipport and not allow the 
bottom portion of the mould to sink away when the weight 
of the heavy mass of iron comes upon it. 

The heavier the mass of iron the thicker should ije the 
under brick-work. A body of metal that will keep in a 
liquid state for two hours should not have less than two 
layers of bricks to form the bottom of the mould, and for 
each additional hour there should be added u course of brick, 
until there are six or seven courses, which should be sufficient 
for any casting. For very heavy casting the bricks that are 
used to form the face of the mould should be gooti, first-class 
fire-bricks of a soft quaiity. For the bottom i)art of the 
mould it is better to have at least two courses of fire-brick. 

It is lietter to use an iron curb wiien ramming around the 
sides of such moulds, than to depend altogether on an earth J 
or brick pit. 

For bolting together heavy anvil moulds strong binders 
should be placed under the bottom plate, as shown at ,1'A', 
and similar binders should be placed over the top of the 
mould. To bind the mould, having large surface plates, with 
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boltB through the handle of the plates, as ehown at PP, la 
not a very practical plan, iia ifc gives the center of both plates 
a chance to spring. 

Sometimes there is an iron cross naed over tho top plate, 
and, hy liaving the lower plate handles project out far enough, 
slings or chains are hung down from the croES, and when 
hitched to the lower plate handles the cvoes is hoisted up 
until the slings or chains have a strain on them. Then 
blocking is wedged between the cross and upper plate, by 
which means tho mould is held together without bolts. J 

The foundation plates for building such moulds upon ardi 
made from 2" up to 5" tJiiek. \ 

The casting of very heavy anvil blocks is generally done 
on tho spot where they are to be used, and after they are 
cooled the block is turned over by means of wrought or cast 
iron trunnions cast into or on tJie block. 

The common plan of making ordinary anvil blocks is 
ahown at the left-liand aide of tlie cut. An 8" wall is built 
up to within about 6" of where th^ pattern begins to extend 
out, and, after a joint ia jiartly formed, a center-plate or 
ring B is bedded on and a parting made ; tJien the balance 
of the mould ia bricked up. Tho reason for using the 
center-plate is to save tho work and the drying of a thick 
wall, which must be built if this plate is not used, and also. 
to part the moidd, and tlius aSord a better opportunity to 
finish the bottom portion. 

Another plan is to build only the straight portion of the 
mould in loam, and when this is dried and rammed up level 
with the top of the brick-work, tiieu set on the top portion 
of the wooden p:ittem, as shown at Y ; then ram up the 
balance of the mould with green sand. After tho pattern is 
drawn and the green smd portion of the mould finished, the 
mould can bo covered with a loam plate or a dry sand cope, 
and if it is not convenien*^ *- *■"'•■ down the covering it can 



CASTING ANTII. BLOCKS. 15? 

be held down with weights. This mctho.l of mnuMiiig is 
Bometimcs adapted to save labor and tiQic. 

Sometimes anvil blocks are cast open, thut i;;, without 
having any covering or l-ojio on them, and eoraetimes there 
are heavy anvil blocks cast at blast fnmacea. Tlie moidd 
will be made in loum in the floor, and there dried, and after 
it is dried the outaidc of the mould is rammed uji, IVlicn 
all ia ready the anvil block is cast, tlioro being no cover or 
cope over the top of it. 

For casting anvil blocks wanted in a huny, time coidd be. 
saved by making a loamed plate and having it dried by a 
fire underneath, then set this plate on a level bed down in 
the hole. The pattern could be set on this loamed plate, 
aiid then the entire height of the anvil block rammed up 
with green saud ; that is, providing the sand in good 
euougli. By this means the bottom would be formed with 
loam and t!ie sides of green sand, and although the sides 
Might look rough there should be a smooth bottom. 

The section of a loam core shown hanging to a section of 
the loam plate covering illustrates the way a large heavy 
.anvil block was made ujjon which I worked about twenty 
jears ago. This core was put in for the purpose of giving a 
large base with little metal. At least I think that waa the 
Tcoson. 

Another thing sometimes practiced in the casting of anvil 
blocks is to mnke sjmc holes about li" diameter through 
the brick-work, and before ramming up the moidd place in 
bars of ly round or Bt|uare ivrought iron, as shown at If. 
Bearing on the lower rods, pig iron is piled and wedged down 
by the top bars so as to keep the pigs from floating. This 
pig iron is placed in the center of the mould to assist in tlie 
cooling of the hot metal. The advantage of this can, I 
think, be readily seen. It is best to have the pig iron that 
is to be placed iii the mouM thrown into the cupola just be- 
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fore the bottom drops, bo as to have all the rust burnt off 
from it before it is placed in the mould. In the dove-tailed 
core, W, can be eeen two holes. In a co.rreeponding section 
of the sides of the mould there are ako holes made larger 
than those in the core. When the core is set into its print 
and placed right, rods are passed through tlie core from one 
side of the monld to the other, and then the rods arc 
wedged down l>y filling up the holes in the mould or brick- 
work with pieces of brick and Btiff loam. 

This is a safe plan for holding down the core, and is far 
better than driving nails into the mould at the ends of the 
core. SJC shows the bottom pouring gates, through which 
the mould should be more than half filled before any iron 
is allowed to go in through the top pouring gutes A. 

The faster such moulds are filled with imn the better, and 
the iron should be on the dull side. The duller they can 
ho [Murcd the smoother the eusting will be. 

The patterns for such castings should he split, or made 
in two sections, the piece }' being the top section. By 
being so divided it will give the moulder a hotter chance to 
make his casting. 

A nice smooth akin on such massive castings is very 
seldom obtained, and some moulders will say that it cannot 
be done because of the large body of iron staying in a liquid 
state BO long It is, however, chiefly because the loam mix- 
ture and blacking is niit as it should be, rather than becauiie 
of the heavy body of liquid iron. 
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^^^TuE sweeping of loiim muulds that aro not cylindrical or 
round in form calls for an entire chiinge in the manner of 
operating, and often the mouldei^'a skill is tested in trying 
to invent some rigging that will work well. There are 
two or three wnys to mould any casting, and that plan 
should be adojited thut will cause the least risk of losing the 
casting. The plan adopted by one moulder might not be 
used by another, each one seeing different wnys of hand- 
ling the job BO aa to insure ita safety or to do it ijuiekly. 
When sj^jced and safety are considered and combined, it will 
Bometimca require the highest mechanical ability and judg- 
ment to make them work together successfully, and to tell 
whether the moulder has adopted the best plan for mould- 
ing an intricate piece requires the judgment of a thoroughly 
practical moulder. 

It is a question if there is not more patteni-making done 
for loam moulding than is necessary. This statement is not 
made to deprive the pattern-maker of work, but ta intimate 
that the less pattern-making there is done for loam work 
Ihc better it is for the mould and easting. When there is a 
pattern used, and it is drawn out of the mould, the surface 
of the mould presents an uneven face, full of hollows. This 
is caused by bricks being laid on top of others, under which 
(he mud is not yet dry. If the loam between the pattern 
and brick is set, and cemented to the brick, when the top 
brick is rublwd and laid on. it sometimes presses the under 
one back, and, the Inam sticking to it, leaves the hollows as 
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Etuted. In some cases tho loam, not being sot, will stick to 
the pattern, and when tlip brick is pressed back there will 
be BometimcB a cavity left iHjtween the loam and brick, and 
when the pressure of the melted iron eomos on it, it may 
]ii'esi it back so as to cause a swell on the casting ; or, 
aliould the air or gas confined in this cavity not find escape 
through the joints or brick, it will pass through the loam, 
or face of the mould, into the liquid iron, and cause a scab 
on the casting. The only remedy for this ia for the moulder 
to use the mud as atiff as the jolt will allow, and lay on the 
bricks with care, and be sure they are properly pressed 
up. 

Wlien working without a pattern this care need not be 
taken, nor time lost. Allowing there are no risks from the 
above causes, there are still other objections to the whole 
pattern, one, of which is the extra work involved in finishing 
a mould with loam built against wood. The wood must be 
rubbed over with oil to keep the loam fi'om sticking to it, 
and with the host of oil some of the loam will stick to the 
pattern, causing the face of the mould to he started and 
leaving thin flakes of loam hanging to the EUrface of the 
mould. Or perhaps the pattern, although well soaked in 
water before using, will expand so that some joints or por- 
tions of it will project beyond the general surface ; and when 
the pattern is drawn, it will start and pull down the loam. 
In finishing such monlds, if the oil is not all washed from 
the face of the mould, the loam put on to fill up the hollows 
will not unite well, and will ho liable to scab the casting, or 
the blacking will not hold fast to the mould when it is 
poured, thereby causing blacking scabs, which are very 
aggravating to the eve, and are so thin that, if ehipiwd off, 
the white spots will look worse than the scab, if left on, and 
what to do with them is sometimes quite annoying. When 
l(Kim is mbbcd on to the face of bricks, and then swept off 
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^Viritti a reyolving sweep, or with a sweep worked by liand in 

^pin]'' direction, as may be reijuired for sweeping betwceu 

I frames or skeletons of patterns, the moulder is sure tiiut his 

loam is packed on to the surfiice of tlie hricka in a reliable 

manner, and witli the sweep and fine loam ho can make tlio 

' face of the moidd so smooth as to retjnirc little or no finisli- 

ling with tools, which saves labor ; and not only that, hut 

iJtoo much sleeking witli tools is ofttinics a cause of £ 

Rs tings. 

■ The octagonnl cuts sliown are the top and bottom view of 
fceteel ingot mould, the elevation of which shows the length 
ind thickness. The engravings show also the way it waa 
ID ou hied. 

■ Cast iron ingot moulds for standard steel ingots, such as 
Bre used in the manufacture of steel rails, are aometiracs 
made in dry and sometimes in green sand, and tlie rigging f(jr 
moulding them is conatrueted so as to make them rapidly. 

^rjngot moulds -weighing about 3,200 poiiiuls, a moulder and 
^■k helper will make four or five of in one day. The ingot 
^KuDuld shown in engraving took over one week to make. It 
^**Tras made to cast a steel ingot for a large shaft, and may 
never be used again. It was made with the least expense of 
pattern-making and rigging ]iossible, anil seems appropriate 
for illustrating sweeping that cannot be done by the or- 
dinary means ; also for showing a plan of gating and rnn- 
ning that can be used for other castings with good adran- 
p.tage. This casting being over nine feet long, and smaller 
t the top than at the bottom, it would not answer to drop 
the metal from the lop, as in falling it would strike and cut 
lie slanting surface of the core, and cause the casting to he 
sabby, which would condemn it. The inside of these cast- 
(Bga mnat be smoother and more regular than most other 
istings I know of. If a cylinder has a clean scab innide 
an be bored out, hut if an ingot mould has a scab, or e 
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a swell, on the inBidc of it, it is tukca to the dfop to be 
broken up. After the steel poured into itn ingot monld is 
set, the mould is hoisted off the ingot by two staples, one 
of which is shown iit P, and should there be a swell or 
Ecflb on the inside surface of the mould, it would ])reTent 
the stetd ingot from eoming out of the mould. Should the 
scabs or swells be chipped off, the broken skin of the iron 
would iiUow the hot steel to cat into it and unite the steel 
and iron. 

The length of this casting being so great, it would not be 
safe to hjtve run it all from the bottom gates, as the iron 
would be dull before it reached the top, causing the casting 
to be cold shut, which would also condemn it. When 
moulding it, we made a runner a little above the middle, 
as shown, so that when tlio metal running into the mould 
at the bottom runner came up to the top runner, we oonld 
see it by looking down the large riser J), at which point we 
lifted the iron phigH', and the hot, clean iron then ran into 
the mould through tlio top runner. Sliould this iron have 
run into the monld before the iron from the lower runner 
reached this point, the top iron would have run against the 
face of tlie mould, and prohjibly have cnt or scabbed the 
mould ; whereas the top iron, not being let in until the 
bottom was run up, prevented the top runner from forcing 
the metal against the face of the core, and, as it was iron 
running into iron, the danger of cutting the monld was very 
slight. 

The cut R sbowB a plan of the pouring basin, the distri- 
bution of the lower and upper pouring gates, and also the 
riser. The runners and gates were all made in cores, and 
set one on top of the other as the mould was rammed up. 
The lower gate and rnnner were made larger than the upper 
ones, on account of more iron having to be run in and be 
forced up to the top. 
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When a, casting ia iioiireJ from the bottom it requires a 
lurgcr runner than if poureil from the top, us the more a 
mould fills up tlie slower the iron goes in. The iron may 
rise very fast oii the start, and, before ii high mould is filled 
to the top, go in so slowly as to cause the casting to he cold 
shut. 

AVliou moulding this ingot casting, an octagonal frame, 
X, X, the same size and form as the bottom of the casting, 
was used, as a guide in building the foundation and bevel- 
ing joint for the outside to be guided off and on by, and 
when the bricks were laid high enough to admit of placing 
a runner under the mould, as shown at Jf, M, a sweep was 
fastened on tho spindle, and a level bed of loam was swept 
up, and the frame ,V, X, laid on it and centered. After this 
the outside lifting ring 5 was put on, bricks built up level 
with the frame X, X, and the wooden plate B bolted on the 
sjiindle, about 8" above tho height tho mould was to be 
made. To get tho faces of tho top and bottom frames par- 
allel with oaeh other, a plumb bob was hung from ono of 
the top corners, reaching down to a corner on the bottom 
frame, and, when set riglit, the top was bolted tight to the 
spindle, and the outside bricks were laid. About every two 
feet loam was rubbed on and swept olf with the long strike, 
oi' wooden straight-edge V, the bottom of which hii^fora 
guide tho inside of the frame X, X. After the f^^^^^ 
foet were built and loamed up, a light, handy straigfl 
put against the face of the mould, was used for a 
laying the bricks. After the outside was built and I 
off, the spindle was set back, and the core was bia 
solid, reliable manner. Had this core been a round \ 
8" wall would have been strong enough to resist the p 
for the lower two feet, and the rest of the way a i 
would have hold it. The pressure of iron on i 
core is tho same as the pressure on a stone or briel 
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If it is built right, the more pressure the greater tlie resist- 
ance. But to attempt to build a flat surface of stone or 
brick alone to support or withstand a pressure, either in 
moulding, bridge or house building, would be the height of 
folly. 

On account of this mould being too high to be admitted 
into the oven, it was parted as shown. The outside was 
parted lower down than the core, so as to give a chance to 
daub up and dry the joint when closing the mould ; for, 
should there be any unevenness, or a fin at this joint, it 
would condemn the casting. The top section of the core is 
lifted by two hooks Hy and the bottom section with the 
foundation plate. The ann A is for liolding the top of 
the spindle steady, and Y is an iron block bedded in the 
floor, and having a seat to liold and center the bottom 
of the spindle. 

The cope or covering used was a perforated iron plate, 
daubed or rammed with core sand, and having the lifting 
hooks or staples P built in it. 

This ingot casting could be moulded by having upright 
strips of wood fastened into the top and bottom frames, as 
shown al 2, 3, 4, and 5, thus making a skeleton pattern with 
which to build up the center core first, by using th^ hand 
sweep E between the upright frames, for a guide in laying 
the bricks and putting on the coarse loam. To finish the 
core with fine loam a long straight-edge should be used, on 
^account of the casting being thicker at the bottom than at 
the top. When the core is loam finished, fill up between 
the upright frames with damp moulding sand, in a solid 
manner, and sweep it off even with the outside, over which 
brush some charcoal wet with water, or oil, with parting 
sand sprinkled over it to make the outside part form the 
core. When all is ready, build up the outside against the 
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thickness surface, and with the center core bolted down to 
the bottom plate, hoist ofiE the outside. 

Should the question be asked which is the best plan by 
which to make a good casting in the least time, 1 should 
answer that the plan fully shown with cuts is the one I 
choose after considering all the essential points. 
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■building or laying bhicks for lo. 

■ MOULDS. 

The proper lajing of bricks is as important a process to 
the loam moulder as it is to the mason, fiince they form 
a support and outline for the inner and smoother and orna- 
montul part of his work, aud to build up brick waUu or cores 
so as to stand the pressure of the iron when poured into a. 
mould, and also to hold together moulds and prevent them 
from cracking open when moved or hoisted with the crane, 
is a featore in laying bricks that a moulder must be partic- 
ular to do well. I liave often seen loam moulds crack open, 
from no other cause than the failure of the moulder to break 
joints when building up his brick-work. Tlie cuts V and 
i5 show the way brick-work looks when carofnlly built and 
when carelessly built. S shows all of the joints broken, or the 
bricks laid as they should be, while Y sliowa the reverse. 
Some might say they could not lireak joints because they 
had not enough whole bricks to work with. This in some 
caaea may be true enough ; hut is it not also true that there 
are many bricks broken unnecessarily ? Some foremen will 
allow helpers, when stripping off a casting, to take pickaxes 
and sledge hammers, and knock down the bricks in such a 
careless manner that hardly a whole brick will remain from 
a mould. Some moulders, when requiring half or a piece 
of brick, will break whole bricks, to save the labor of stoop- 
ing down and picking up pieces. In any pile of brick that 
have been used once, there are plenty of sizes and forms to 
found without breaking up whole ones to make them. 
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The time lost looking for every little piece of brick might be 
urged, and of course there is time lost, and the mould eon- 
Btructing may be delayed by stopping to look for pieces ; but 
iu building the next moulds out of the same pile of bricks 
it will not take the moulder or helimr so long to took for the 
whole bricks he should have to build the mould in a reliable 
manner as if the pile was filled with the broken pieces ; and 
it takea as long to lay a half of a brick as it does a whole 
one. 

A loam moulder should be as careful of keeping his bricks 
whole and in good shiipe as a green sund moulder should 
be to keep good flasks in order to make reliable moulds and 
good castings. 

A loam moulder that takes pride in having his bricks keep 
as whule as possible, will train his helpers so that they cau 
have ready for him what sizes and pieces of brick he may 
require ob he goes along, and any one breaking a whole brick 
not called for should receive a reprimand from Him. When 
building some loam moulds it is as essential to have halves 
and pioees of bricks as it is to have whole ones ; for as to 
halves, we tare sure of having plenty of tbeni to work with, 
and the manner in which they should be used in building 
up loam moulds is represented by the cut B, which is an 8" 
wall, and a section of the outside part of a cylinder casting ; 
the inside bricks that the loam is rubbed on to make its 
surface smooth, is built witli the halves and pieces of bricks, 
and the outside is entirely built of whole bricks, care being 
taken that all joints are broken evenly ; on the top of every C 
or 4 courses of the two 4-inch walls there is built one row 
of headers of whole bricks, as shown at Nos. 1, 3, and 3. 

In building a mould after this ])lan, it can be carried up 
in most cases aa high as 5 or 7 feeb without the aid of any 
iron plates or rings to hold the brick-work together, which 
it would be necessai'y to have if mithiug but pieces and a 



BUILDING OE LATINO BRICKS FOR LOAM MOULDS. 109 

few whole bricks had been used to build the mould witli. 
If a core was being built up with an 8-inch wall, the order 
of the half and whole bricks should then be reversed from 
that shown in the cut, so as to bring the halves and pieces 
to tiic part of the mould that forms the shape of casting. 

There are two reasons for having the pieces of bricks nest 
the surface of the mould which eucounters the hot melted 
iron. The firet is, that halves and pieces of bricks, when built 
in a, circular form, *ill result in an cvener thickness of loam 
all around the mould than when whole bricks are used ; and . 
the smaller the diameter of a mould, the more iieccsgary.it 
is to build this part with halves and pieces. The second is, 
that halves and pieces allow more joints than whole bricks, 
and thus afford more openings for the gases and air con- 
fined in the loam to escai>e through. 

When bricks are built for thick or thin easting, there 
should be a difference made regarding the openness of the 
joints, the thinner the castings the more open they should 
be, so us to allow the gases and air in the loam to escape as 
quickly as possible, in order to prevent that cold shot and 
rough skin that some thin castings have, which is more fully 
explained in the article entitled Mixtures of Loa.m. 

The joints of bricks are in fact best when made open in 
almost all classes of work, whenever it can be done without 
danger of having cores bursting or swelling on casting. 

There are ways that joints can be built open, and still 
reliable ; one is, after a layer or course of bricks is laid, to 
pack well all the joints with the mud that you use for laying 
the brieks with. 

The way to tie or build a square or corners of a monid is 
shown by the cut D, and outside corners like these require 
more caution when building than almost any other part of 
moulds, since the least weight or a knock will cause them to 

mble down, if not well tied, when they are built very high. 
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The cut ff Ehowa the reason why some caatinga have been lost 

hy the core giving way at tln^ bottom of tiie mould, or at a 

jwiiitwherctheju'essurcof the mdted iron fonml a weakness 

iuthe brick wall. TJie bricks were laid in this case without 

any regard to hreaiing joints cither on inside or outside 

cori'S, and whoJo bricks were laid at rjindom, sometimes 

going half-way around Ihe outside, and in tlic next course tlic 

whole ones would ho used to comjdete or make a part of the 

inside circle; while combined with tliis unskillful and un- 

Bj-stcmatical mode of brick-laying, the joints or o|>cuiiigs 

between the bricks were not packed or filled up with mud 

jj tJiCT should haye been. If the moulder bad only used 

the whole bricks he had laid at random, for building uj) the 

inside coiirBes, and kept all the halves and pieces for tho 

outside courses, and jiacked Itetweeu all the joints solidly, 

lie would not have had hia core bui-st in when the pressure 

of iron camo 01 it. 

Tho cut .-1 shows the way that a casting appeared made 

'til an S' -wal'i "t t'"* ^"'■'^'"'i ])ortion A', and from which it 

conunciiced to sag at the top, a 4' -wall was only huill ; the 

. - ^f tho bricks in the 4 "-wall was not done in a reliable 

niT • the joi'it* ™"^* ^'^^^ ^"^'■'^ '^'^ ""Paf kP"! """1 some 

., (.o'auart. I" looking at this casting the wonder to us 

■I llmt llie we did not give away at some [loint when being 

to let ttll the iron run out of the mould, and it 

11 most lil^'lj have done so had the core boon built 

'm Uwa and pieces; but it so happened that it was built 

™ biteb of whole bricks, and the joints being 

wl'* iclUhen buiWing saved the core from hui-stiug in. 

^\ uftiii! 3i^ ""* *"^^' "'^ ^^'^ bottom and top, was 

'M*^ ,.„n]j at the bottom, and at the top tho 

I '— '* HlwBicicnt to stpieeze the core in. W shows 

*^' ^^.flojld have looked had the core been 

■ ^- wk'wWfl^^ ""^ P'lltySgiJ packed ; and as 
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this caeting ahown was an actual occurrence, I could not 
think of anything better to show the I'eBulta of improper 
brick building, and to prove that in this, na in everything s 
monlder has to do in order to make a good casting, there is 
a right and a wrong way of working. 
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'Vbnteng loam and dry sand moulds. 



^M Loam or dry sand moulds reqnii-e that ^some parts be 

H vented more than others. There arc often castings made in 

^M moulds tliat are never vented in any almpe or manner. This 

^P ia no proof that cverytliing can bo east in loam or dry sand 

moulds without venting. There is not nearly the percentage 

of venting required for dried moulds as for gi'een. In green 

sand moulds there ia eteam to contend with, which is not 

» found in tlioroughly dried moulds. A plain dij sand mould 

having 8" of sand between the pattern and flask would be 
cast with lose danger of its scabbing, if not vented, than if 
there was only 3'' of sand. A good body of sand in a flask 
allows the sui-face gaae^ (and steam, if any) to have a chance ■ 
to confine themselves in the interior body of the sand ; and 

*wlien there are no holes or openings in tlie flask, it will re- 
main there, for there is room enough to hold the gases, and 
their pressure will be insufficient to foi-co them through the 
face of the mould. But when there is not sufllicient of sand 
to hold down the pressure of the gas, it will obtain relief by 
coming to the face of the mould, and pass up through 
the liquid iron, cansing scabs on a casting, so that as the 
hodjf of sand increases the pressure of the gases decreases-; 
that is, when there ia no allowance made for gases to es- 
cape by venting the moulds or by the flasks having holes 
in tliem ; also, conversely, where there is the least body of 
sand the more venting will be required. As a general 
thing, plain castings can be made in dry sand without being 
vented, when the flasks are m sections or jointed together. 
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^^M as joints or sections leave openings tSiroiigh wliicli Romo of 
^^B the g-iisee can escape. 
^^^ It is only in that portion of the eurfare of a mould wbich 
^^1 bocomu) ]ieat«d to a high tcmiwralurL' that gutiee arc formed 
^V or created. The surface of a loam mould has in many case* ■ 
a better cliaucc to he relieved of its gases than an iinTolitod I 
dry sand mould, on account of the openings or space exist- I 
ing between the joints and courses of bricks. A rod or stick 
rammed up on the outside of a loam mould will carry off 
' tlie gases from a larger Burfuce than one would nininietfnii 
I dry sand mould, since the body of the loam mould is 
^ mopo porous. 

When building up briok-work for loam moulds, the joints 

^can be left opeu more or less, so as to allow the surfaoe 

) -g&eeB to cseai>o backwards freely. Oftentimes it is neces- i 

; eary to have brick-work built very solid, so that the jjressure 

I of the iron when ]Toured will not buret in or out the brick- 

J-work or cause the casi ing to swell. There are different nieana 

h nsed by the various shops to accomplisli tiiis, and still pro- 

t'Tide ft way whei-eby the gases can eacapo. Some will use 

straw between the layers or coui'sea of bricks, aud others 

will build their brick-work very open, aud 611 up between 

all joints with cinders, rammed in solidly, ueing a file or 

thin piece of iron to ram with. Again, some keep a sufB- 

I cient thickness of mud between the eouraee or layers of 

* bricks, and then vent between the courses of bricks with as 

I large a vent wire us will possibly go between them ; while 

Lagain, there are slioiis that will appai'eufcly build up their 

I brick-work without tlie use of vent wires, straw, or cinders. 

fcSuch sliops geuei-ally have a very opeu mixture of mud and 

I loam to work with; it is very seldom that the joints of 

Pferick-work require to be so compactly built as not to have . 

G porousness among them. A good plan to adopt where i 

► both good venting and solid buildiiig is required, is to com- 
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pactly fill up half the thickness of the joints with mud, 
the upjKir oiioniiig with cinders. Kound loam cores, 
arc used for forming the ini^ide of cylinderH, etc. 
class of building thut must be the most solid ; aad the reason 
thtit such cores will stand closer building witJi less venting 
than the outside portion oC the mould ia, the core brick- 
work is uot rammed up with moulding sand like the outside 
part of the mould, and the brick-work being espoaed, the 
gases can escape more freely ; the more open the joints, al- 
thdiigli compactly filled up with mud, the better chanee for 
the gas to escape, since the mud used between the joints can 
bo made of an oiwu mixtui-e, so as to be far more porous than 
the bricks used. Hard bricks should never be used to build 
up the face of a mould, on account of not allowing as free 
a passage of moi^ituro and gases tlirough them as a good 
soft briek. A good loom moulder understands what part of 
liis mould requires to be vented, and also what jwirts will 
receive no diinmge if not vented. It is tlie same when vent- 
ing loam moulds as with gi'een sand moidds ; flat, horizontal 
surfaces, cornei-s, projections, and flanges require to bo 
vented, while plain vertical sides of a loam mould can be 
built up without any ])rovision nuide in many cases for 
venting. To take the gas or vent off from pockets, projee- 
tioua, comers, etc., in loam moulds, the use of straw, reds, 
or pieces of ropes or strings built in with the loam and 
brick-work, are generally used. When ramming up a loam 
mould to be cast, reds or sticks are laid about every 
two-feet apart, against the brick-work, and when there ia a 
flange, or any part of the mould that requires to have the 
vent taken off from it, cinders ai-e connected from them 
to the upright vent rods. Should the vents be any special 
core vents, or ones that would be apt to make trouble if 
they got smothered, it is a good plan to cover the cinders 
with some paper, so as to keep loose sand from mixing 
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with them. For the plain parts of a mould, if cinders or 
straw are put around the mould at the height of every foot, 
the gases or vents will generally find their way out. The 
cinders or straw should be connected with the upright rods 
or vent sticks. Although venting loam moulds is looked 
upon as a small part of the work, it must be done with in- 
telligence and understanding. 
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MOUIJ>ING ROLLS AND MAKING ROLL 
FLASKS. 

Rolls for rolling mills are often contracted for by 
foundries that never have had any experience In their 
manufacture, and their bucccbb will depend upon the work- 
man's ability and the foreman or mclter's knowledge of 
making the right mixture of iron. The castings may be 
very rough looking and nothing Euid about it, hut let the 
grade of iron be wrong, and the growling will begin. There 
are hardly two firms that will be satisfied with the same 
grade of iron. 

I shall never forget the situation in which I was once 
placed trying to please two masters. One of these was the 
superintendent of the mills, and the other was the roll- 
turner, who had the turning of the rolls hy contract. The 
turner, to a great extent, had his say as to what foundry 
should make the castinga, and to get the work it was neces- 
Bary to have the castings soft enough to suit liim. Occasion- 
ally the superintendent would give us a call, and want to 
know how it was that the rolls could not ho made harder si) 
as to wear longer, and give us to understand that when So- 
and-So made them they lasted agreat deal longer. Our only 
answer would he that we supposed they were all right, as 
the roll-turner had not said anything against them ; then 
for a while the rolls would he made harder until the turner 
would commence to growl again. 

Aa a general thing the nurchaaere of roll castings like to 3 
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have them as hard as they can be without iuiving tlie fdgBH! 
or comers chilled. 

Abont the first thing required in starting to make roll 
caatings is to have a flask to mould thom in. The style or 
shape of tlie flask will dej»end upon the way that they are 
to be moulded. The old style of moulding such caetinga, 
and one that a great many eho[>a yet follow, is to have a full 
pattern for every ehaped roll wanted. To make such pat- 
terns costs much time and labor, ajid a large wareliouse in 
which to store them away. 

T am an advocate of the more modern plan of making rolla 
by sweeping tliem up. The cut shown is a flask intended 
for that purpose. I have seen many different kinds of flasks 
for Bueh johs, but the one shown has, I think, many good 
features. There is one point especially tliat I claim should 
be provided for in such flasks in order to make good, smooth 
caetings, free from ecaXis, and that is to have plenty of vciit 
holes cast in the flask, whereby any gas or steam is allowed 
to escape. As a rule, there is no allowance made for gas or 
Bteam to escape, and if you should ask the moulder that 
designed the flask why it was bo made, ho would tell you 
that it was for a dry sand mould, and therefore it did not 
refjuire any vents. 

In the end of the flask shown will be seen 13 one-inch 

vent holes, and the same in the cross bar. When making 

the roll long, |" or V' rods arc inserted so as to run the 

entire length of the flask. When the mould is ready to be 

blackened the rods should bo taken out. With this system 

of venting, when everything is done as it should be, you can 

rely on having a good casting free from scabs. Such vents 

I sIbo greatly aid in the drying of the mould. One trouble 

L' aften experienced in making such castings is having to pi^o- 

r vide for making large and small castings in the same 

f flask. . 
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When the casting is smull there is generally a lieavy body 
of sand that the burs do not assist in holding in, wlien the 
cope is rolled over, and this hanging sand is liable to drop 
out. Again, the bars having been first made riglit for the 
modium-aized castings, the first thing we know there comes 
along a casting that is too large in diameter to be admitted 
between the bars. Then the bars must be chipped out. 

A good way to get over this difficulty is to make the bars 
so that us large a casting as should be made in the flask cau 
he admitted between them, and then, when a sweep or 
])attem comes along that is so small in diameter as to en- 
danger the dropping of the cope, false bars, as slmwn, can 
have pins /', P, inserted and wedged in tlie cross-bar holes 
//, H. This plan will, I think, be seen to be a better one 
than driving in a lot of rods or gaggers to hold the hanging 
Eand, us is usually done. 

Another point that may be noticed is the plan here showBj! 
of using loose plates instead of a iargo, clumsy bflck plate, 
and a lot of bolts or clamps. Of course a back plate would 
help to make a flask stiffer, and in the case of making extra 
heavy rolls, I would recommend its use, but for rolls 
weighing from three up to eiglit tons, the loose plates are, 
safe. 

Sometimes roll flasks are made with tlio bars, sides, and^ 
ends all in one piece. This plan I do not ajiprove of, as it' 
not only costs more to make the pattern ; but when a flaslt; 
is thus made, there is more or less danger of its cracking, 
and when there is a serious break, the whole half flask has, 
generally, to be broken up and a new one made. When a 
roll flask is made in sections and bolted together, there is 
only one side, one end, and one bar pattern required, and a 
flask thus constructed can be made longer or wider at any 
time if so desired. Sliould any parts crack, they con be 
rea^lily replaced. The handles generally used for this cl; 
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of Qasks are cogt iron, and, in order to l>e strong enoughj 

they often look very dumsy or out of proportion, 
nione are Bometimes cast on the ends tif the fiask to j 
them over by. In the cut there are only two of the fni 
handles shown. 

'About the first part of a flask that gets broken tlirou^ 
usage is the ilangos, and often castingB liave been lost from 
the flange breaking when the mould wiis being pourt-d. At 
E and B, B, B, is shown a reliable plan for constructing 
flanges so as to stand the repeated strains tiiey arc subjected 
to. Y, Kare brackets that give strength to the flanges, 
while B, B, B, being level with the rest of the planed Joint 
when the two parts of the flask come together, will prevent 
any straining or springing of the flanges when the bolts or 
clamps are used to hold the two parts together. The space 
of one half-inch, as shown at A, ia to leave room to pack 
sand or loam between the joints to prevent any running out. 
Such flafiks, after being used a few times, wilt warp more or 
less, and, although the joints of the flask were planed so as 
to have a good bearing, the reheating of them will soon 
make it necessary to pack them. 

To fasten the two parts together one shop will use bolts, 
while another will use clumps. Either way will answer the 
purpose. A bolted flask i& safer than a clamped one, the 
only objection to the bolts being tlio trouble of unscrewing 
them, and keeping the sand and dirt from destroying the 
threads. The objection to clamps ia the jar given to the 
mould in hammering and wedging to fasten them. 

Among the cuts will be seen mcaaurcmcnts for the i 
ing of cast or wrought clamps, such as are used for t 
dinary roll flasks. Wrought iron clamps arc safer than 
those made of east iron. ■ A flask should have more Irolts or 
clamps on the end that is eaat down than on the upper end, 
because there is more strain on the lower end. In such'j" 
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daBk as Bhown, the bolta or clamps should aventge 6" apart 
at the lower end, and 8" at the upper end. 

When possililc, it is best to have four or six bolts put in 
to iifssist the clamps. I have Been fluHks, when the pins were 
taken out and elumpa put on in their place, get a jar when 
being hoisted up on end so as to loogen the clamp and cause 
the two ixirts to shift. Clamps should never he all wedged 
in the same direction. Each alternate one should be wedged 
■the reverse way. 

When fitting together a flask fur eweeping up rolls, the 
joints, if not planed, should be chipped so as to fit closely 
together ; then the three or four pin-holes should he drilled, 
ftnd the end bearing, W, bored out. The spindle holder, X, 
should he accurately fitted with set scrawa before the flaak ia 
'taken apart. 

I once worked. in a shop where the moulders did not use 
any pins to close the flask by. They would use the beariiig, 
W, for a guide to close the lower end hy, and for the up|>cr 
end pass tlie arm through the riser hea<l, and feel the joints 
of the mould. If not right, a man on each side of the 
flask, having a sharp flat bar could easily move the flask 
ss wanted. Iron wedges are ]ilaced between the iron Joints 
to koep the joints of the mould apart and save criisbing. 
When the inside joints of the mould are even with each 
other, the wedges are taken out and the cope let down to 
pla.ce. 

The cut in which the handle is shown ia for illustmting 
the process of sweeping up a roll, /"showing an end view — 
the spindle shown is u tube with solid ends forged or cast 
on to work onthe end hearings. The idea for thus making 
it was to have it light to handle. 

Sometimes instead of having a journal turned in the spin- 
dle, BO as to keep it from working endways, as in the one 
Bhown, there are two collars fajitoniHl with set screws to the 
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le on the <^i^^^H 
:nocked out of^^* 



spindle, so as to have one on the insido and one o 
aide of the lower end of the epindle bearing. 

In sweeping up rolis the sand is not all knocked o 
the flask when a casting is made, its is done when a full ]>at- 
tem is used. After a casting is taken out of the flask only 
the loose and burnt sand is taken out, or enough to allow 
of from 2" to 4" of temjwred loara or dry eand being rammed 
in to sweep up a fresh mould. In ramming the eand some 
mouldei-s use only their hands, relying on the extra damp: 
ness nf tlie sand to make the mould solid enoug] 

This is a ])lan that I do not ajiprove of. I know from e 
perience that a better casting can be made by working t 
dry sand but very little damper than green sand is genera 
made. To have the mould solid, use a rammer instead < 
the bare hands. In order to have this, three or four inch 
of fresh sand adhere to the old sand, there is a eoat of thin 
clay wash sprinkled over the surface of the old sand, and 
then a coating of Biud rubbed ever that Oti top of thia 
the tempered sand to form tJic mould with is shoteled ii 

Sometimes instead of having sand between the bars t 
space is packed in a reliable and solid manner with i 
brick, and then every time a casting is taken out all the sai 
ia removed, and the mud rubbed on the hare bricks, i 
starting a. new mould. This plan is a g'Xid one, where 
shop has three or four different sizes of flasks to nccommrt 
date different diameters of castings ; but for a shop that hai 
only one flask I would not advise its adoption, i 
would be sure to come along some sweep that would requi 
nearly all the bricks to be cut out to admit it, which y 
be sure to loosen the under bricks. 

The sweep shown for moulding a roll has in it the squai 
and the half-diamond-shaped grooves, sueh as are g 
used in rolls. The diamond grooves are easily swept up, I 
the square ones are more difficult, and often require to be w 
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rodded in order to stand. When sweeping uji the rolls the 
grooves and surface of the mould are swept up as full as can 
be with the dry sand mixture, and the surface of the mould 
is made smooth by using two coats of loam, the last one be- 
ing about as thick as buttermilk. The beveled edge of the 
board only is used for the finishing coat, which should be 
accomplished in once going around, and as quickly as pos- 
sible ; that is, the board or sweep should be turned slow and 
steadily, but putting on the loam with a brush must be done 
so as to lose no time. <rhe striking off of the joints is done 
by having a straight-edge work lengthways of the flask. 

The joint sweep, also all the roll sweeps are better for 
having the working edge of sheet iron, as when they are all 
wood they soon get worn out. The sheet-iron plates can 
be fastened on the wooden sweeps with screws, as shown 
skt K. 

The templet shown is for a guide to set cores by to form 
the wobblers on the roll. At ^S', i>, and E is shown the 
plan generally adopted for the gating of such castings. S 
shows the part of the roll to which the gate is attached, and 
D and R show two different forms of gates used to cause 
the iron to whirl around as the mould is being filled up, so 
as to bring the dirt to the center and keep it from being 
lodged under the grooves. 

Rolls are always cast vertically, and the hotter and faster 
the iron can be poured in, the cleaner will the casting bo 
when turned up. The roll flask, and also the iron casing rig- 
ging shown on p. 217, was made by Mr. William Fitzsirnons, 
of Cleveland, Ohio, a skillful moulder, and one having large 
experience. 
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THE SURFACE OF A LOAM MOULD. 

To have a good loam mould a good surfuee is essential, 
and a. good surface depends upon many conditions. First, the 
mixture of the loam must be eorrecfcly made ; HPcoudlj, the 
loam must be jint on in & reliable manner; and, thirdly, it muBt 
bo timabed up properly. Loam Jn some foundries is mixed up 
in mills which are made by taking a large flat bottom iron 
])an, from i' to 8'in diameter, and placing a similar pan over 
it ; and in. these pans are two heavy gi-indatones. The pans are 
so made that they revolve the etojies as tliey revolve, and the 
loam mixtures arc shoveled into the pans with ita water 
or clay-wasli to wet it with ; tho heavy stones rolling over 
the different parts servo to unite and mix them. Another 
plan sometimes adopted i^ to beat the mixtures of sand, 
when wet, with a rod of iron, the loam being on a wooden 
or iron bench. Of theso two plans the mill is by far 
tho best, in fact some shops would never think of using 
a loam unless so mixed. Tlie different mixtures of loam 
used ai-e many, moat every shop having a different mixture. 
In some places a natural loam can be obtained — but this 
is rare ; most shops have to make their loam of different 
pi-o]wrtioiis of sharp and loam sands. There are cer- 
tain conditions or (pialities that should exist in all loam 
mixtures alike. If a loam mixture which pi-oduces good 
castings in any other foreign foundry were brought to your 
shop to he used, and was handled in tho same manner, it 
would be your own fault if you could not turn out as good 
castings as the foundry fi-om which the loam came. A goodj 
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I^ctical loam moulder can tell by feeling of loam wlien 
mixed if it will work well or not. A sharp eand ib used to 
regnlate the loam sand. The more clayey or loamy the loum 
sand is, the more sbarp eand must be mixed in with it, 
until the practical moulder ia eatistied with its consistency. 
A simple way to try n new loam mixture is to take a 
lump of it, after it ia well dried, and immerse it in a ladle 
of iron. If the iron boils after the first bubble, the iiiix- 
ttire ia gonernlly too cIoec or clayey. Loam should be of a 
poronB, but firm nature ; if it is too jwrous, on the other 
hand, the mixture will crumble to pieces by a gentle squeeze 
of the hand. Loam should be mixed weaker for castings 
below one inch in thickness, than for those of a greater thick- 
ness. A loam that is strong enough for a casting four inches 
in thickness, is strong enough for any lieavy body or any 
thickness of iron. What is meant by loam being sti-onger, 
ia, it is more close and clayey. A heavy thickness of iron 
will scab, just as a far lig!iter thickness will with the same 
mixture of loam if it ia too close or clayey : the thick- 
iiesfl for loam put on bricks, to form the surface of a mould, 
should be regulated by its form. A thin thickness of loam 
is more liable to cause a mould to be scabbed than a lieavy 
thickness. Loam should not be jiut on any less than ^" 
np to I" for plain surfaces of moulds ; but for pockets, 
comers, and flanges, etc., loam should be no less than 1" in 
tliickneas. Burnt or hard bricks should not be used to form 
^^be surface brick-work of a mould, or for comers and 
^bsckets, or any portion of a mould's surface that is liable to 
^^pab. Moulders very often use what is called loam bricks, or 
^^Mkes, instead of using the common ordinary bricks. The 
loam bricks are used on the principle of the thicker the iody 
of loam, the belter chance for the gas to escajfc, and thus 
•Mase the iron to lay more kindly against a mould's surface. 
I make loam bricks, use a loum as coarse as tliat u.sed 
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for rubbing on the surface of tlie mould, and have a wooden 
friiniL' made for whatever ghai>ed bricks or cakes are wanted. 
TheuBetitouton oiled iron plate ; fill np the frame with the 
loam, having it mixed ae Btiff as will work easily. After the 
plate is full, the soft bricks arc then sot in the oven to be 
dried. Sometimes whole cores and large portions of a mould , 
art.' formed with loam bricks. g 

The first coat of loam that is rubbed on the bricks should J 
be the openeet, and to finish up or form the face of a*. 
mould use finer. Before the fine finishing coat is put on, 
the faci^ of the mould should be swept up as full as possible 
with the open loam, as tho least amount of fine loam that 
can be used, the less danger th« re will be of a mould scabbing. 
With most mixtures of loam it is best to have the finishing 
coat put on as Boon us the rough coat becomes stiS enough to 
hold the finishing loam, and have one or two revolutions of 
the sweep to make a finished face. When the first or rough 
coat is allowed to become hard or air dried before tlie finish- 
ing coat is put on, it will not unite or cement as well as if it 
is put on having the rough coat as above described. 

There are two ways practiced in making finishing loam 
mixtures ; one is to use the mixture as for the rough loam, 
and have it put through a fine No, 8 sieve ; the other is to 
use some foreign mixture (for receipts and mixtures of loam, 
see notes and receipts in the back jiart of the hook). While 
the finishing coat must be fine, its mixture should not be 
cloeo or clayey, and it is better, if possible, to obtain a fin- 
ishing loam mixture, whereby the face of tho mould can be 
made emooth enough to receive tlie blacking without the 
use of tools, as the less sleeking done, the less liable a 
mould is to bq scabbed. This only refers to swept por- 
tions of a mould ; for otli.T parte that patterns are used 
for, there is more or less sleeking dune with tools, that can- 
not be avoided. 
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^P SWEKPING green and dry sand or luum moulds is a brauch 
of the moulder's trade that in genera) cuila for higher 
mcchaDical qual ill cations than making caBtiiigs from a full 
pattern. Sweeping or bedding in is not extensively done in 
uther than jobbing or machine-shop foundries, hence only 
3 comparatiTelj few mouldorB are ncquaiiited with the jiro- 
ceaaes ; but since the practice is becoming more common 
from year to year moulders will bo required iu the future to 
give more attention to tliis [Hirt of the trade. 

In the cut is shown a rigging for sweeping nndcr the 
bottom of loam cores. The sweep, seen nt the left, ia 
boUed to two iron arms X, X, whicli are held up by two 
collars fastened to the spindle with set screws. The 
sweep revolves around, and the spindle remains stationary. 
The tapering end of the spindle is set into the casting H, 
the outside diameter of which can be from 4" up to 8". This 
casting should be turned up on the outside, true with the 
chilled inside spindle hole, so as to have a true surface for 
the lower arm and coUur to be placed and worked at any 
point np or down on it. This casting ia bolted to a plate 
from four to six feet diameter, and the plate is laid level on 
a solid floor. The loam plate is then set on top of the 
spindle-bolder if. Bolted to this loam plate is a easting 
having an upper and a lower flange. In the upper flange 
there arc four staples cast, two of which are shown at E, E. 
The inside of this casting ia bored out the size of the spindle, 
u bolted t 
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Spindle passed through it, there ia no danger of thB loam 
piato being overbalanced. Another plan, which would in 
many cases be better than to bore out this double flanged 
casting the size of the spindie as shown, would be to east at 
hole in it about one inch hirger than the size of the spindle, 
and by having three set screws near the bottom, the top 
could be fastened with pry wedges. By this plan thei-o 
wonld l)e a better chance to regulate anil level loam plates, 
and also it admits of the spindle being put in and removed 
more easily. 

Before setting this loam plate on the standard -ff, it is 
daubed up with loam e\cn with the face of the pi'ickers, and 
then driedin the oven, so as to have a dry body to absorb 
the moisture of the loam iised to finish it up with when the 
plates or bottom is swept up as shown. 

When this spin die- holder or staudartl is iieed it is generally 
for a largo core that lias little or no bearing on the bottom of 
the mould, but liafl to be sui>ported from the top as in the 
cut. The top loam and covering plate ia not set on and 
bolted to the lower plate iintil the core and a level joint ia 
made and finished with the s^veep. Thi^top plate having 
been pi'eviously Bwe])t level and dried, requires no sweeping 
to make it have a true face after it is placed. 

After this plate is bolted with four bolts, one only of 
which ia seen, there is a row or two of bricks, P, built 
ai-ound on top, aud a sweep forms a straight face the same 
diameter as the one swept on the outside or cheek W, so that 
when the core is lowered down into the mould, a short 
straight-edge placed against the parallel faces P auS )!', 
will center the core in the mould. 

The staples B, E, and A are for hitching the chains to 
hoist the core by. The top staples, of which there are four, 
are the best to hoist by, but should tlie mould or core bo leaa 
in height, the lower staples can bo used. When the 
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fiDiahed and hoisted up from the standard H, tlie hole that 
it leaves in the bottom is liJled up and made level with bricks 
mid louiii, apiece of plate iron huviug beeii first wedged iniiji 
against the spindle hole,BO that tlie pi-csaure of the melted iron 
canmit burst through the bottom when the mould is poured. 

When sotting this core oit the carriage, the hottom is 
lowered down on a flat plate having on it a bed of dry eand 
for the bottom to rest on. 

For other classes of work, where all the bottom is not 
wanted, a false ring or spider having a hub 6" long with a 
hole bored equal to the outside diameter of H, with an inside 
flange which is for renting on the top of II, could often be 
used to a good advantage as a supporter for loam rings, etc. 

This rigging, for a jobbing shop that docs much loam 
work, can often be used to a good advantage for casting 
short stroke cylinders that have one of the ends cast in, aa 
it is now often done ; by the plan as shown the bottom 
could be cuat down, if desired. 

To form a riser head on a cylinder when this plan is used, 
the top flange is bricked over and the straight pai't of the 
cylinder carried up as liigh as wanted. When making a 
cylinder this way the outside should be cheeked off, and when 
the cores are eet in and fastened, the center core is lowered 
in. A man with a lamp underneath can guide and see that 
the center core does not touch any of the port cores. Then 
the whole mould is set on the bottom by hoisting it by the 
four chcelt handles, one of which is shown at T. This bottom 
joint should be made beveling, instead of straight, as shown. 

The gate shown is for filling the bottom over so that 
when tho iron drops down from the top it will fall into iron 
and not cut the bottom of the mould. 

The cuts Y and R show two styles of arms. R is a style 
tliat can be worked tight or loose. When tightened on the 
spindle by the set screw shown, the spindle must revolyft^ 



SWEEPS AND SPIKDLES. 191 

bat when there is a collar screwed to the spindle, as shown 
at Dy Dy the arms are loose and can revolve without turning 
the spindle. 

The latter is the best plan when sweeping with a spindle 
that works in a tapering hole long enough not to require 
steadying at or near the top ; but when a spindle is held at 
the top, and the bottom works in a small socket, as shown 
in the octagonal loam mould cut, there is very little fric- 
tion, so that the spindle can be turned when sweeping very 
easily. 

The arm ^T is a very handy one to use on a spindle that 
is made to revolve in sweeping. This arm can be made for 
one or two keys, but it is best to have two in one to be used 
for holding heavy sweeps. The advantage of such arms is 
that they may be taken oft and on without disturbing a 
spindle held at the top. 

The placing of arms or brackets for holding the top of 
long spindles steady, is an important detail that is very sel- 
dom properly attended to. There are very few buildings 
but that whenever a crane is turned around will move more 
or less, and in some shops the loam moulder when sweeping 
up a long mould has often to sit down and wait until a 
crane can be turned back the same as when the first coat of 
loam was swept on. Arms or brackets should not be 
fastened to unstable buildings, but should be secured to up- 
right timbers sunk deep in the ground, and independent of 
the building altogether. The board or sweep bolted to the 
arm -S, is to show how arms should be made. There are 
shops that have arms made so that a sweep when bolted to 
them will not have the working edge, S, on a true line with 
the center of the spindle. This causes trouble in setting the 
sweeps and getting the right diameter for a casting. 

In making spindles they should be made even inches 
diameter^ otherwise they are apt to cause mistakes in making 
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and setting sweeps. IV l!" or 2i" makes trouble for the 
moulder as well as the pattern-maker, as it is apt to confuse. 
Two inclies diameter makes a handy spindle for ordinary 
sweeping, and for fine work they should be made of steel, 
turned up true. The larger sizes of spindle arc often made 
of wroui^ht-iron tubes, or of hollow east iron. 

The spindle-holder for sweeping green sand moulds, that 
has Ijeen shown so many times, but never explained, is a 
fiat plate about 24" diameter, and the tapering hole for the 
spindle to fit into is about 10 inches long. When casting 
this, the tapering end turned on. the spindle can be used for 
a chill, being set in the open mould and the iron poured 
around it. While hot the spindle is knocked out, and when 
put in again, to use for sweeping, yon can rely on huTing a 
steady spindle. The collars should be used on this spindle, 
so that the arm and sweep can revolve witliont having the 
spindle turn. This makes a very handy rigging for sweep- 
ing green sand moulds, us the s])indle seat or holder is light, 
and can be quickly set in any part of a foundry floor. 

The ta]>ering end of this spindle s'lould always be well 
oiled before it is set in, as otherwise the damp sand and 
steam are liable to rust it. 

As the sweeping of green sand mould is generally done to 
siive pattern -ma king, the proprietor, as well Jia the moulder, 
has the advantage over others when he can make a casting 
with sweeps that others could 'not make without having a 
fnll pattern to -work with ; and in cities or places where com- 
petition is active, a good knowledge of sweeping, in all i 
branches, will be of value to the proprietor and moulder a] 
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MOULDING GEAR WHEELS IN DRY SAND 

OR WITH CORES. 

To have smooth^ even teeth is a very important feature 
in the manufacture of gear wheels, and the only reliable 
way to make good teeth on large wheels is to have them 
moulded in dry sand, or with cores. In almost any wheel 
made in green sand tlie teeth will be larger than the i)at- 
tern, as the sand will yield more or less, depending on the 
way it is rammed. Although there can be nice-looking 
gear castings made in green sand, the same pattern moulded 
in dry sand will make a casting that will run easier and 
quieter, and wear longer. A variety of spur wheels could 
have the arms and hub moulded in green sand, and the 
teeth in cores, or dry sand, by having an iron ring or flask 
to carry them, so that the teeth could be hoisted and placed 
on the oven carriage to be dried. If there is not a full pat- 
tern to mould the wheel by, a segment could be used the 
same as is shown for sweeping up gear wheels in green sand. 

The sand should be closer and tougher for ramming up a 
spur wheel than for ramming or bedding in a bevel wheel ; 
and should the same close sand be used for the bevel as for 
the spur wheel, the teeth will be very liable to scab. Dry 
sand in this respect is the same as green sand, as the sides, 
or any part of a mould that the iron rises up against, will 
stand harder ramming, and will require less venting than 
the bottom, or any part that the iron lays over, or on the 
top of. It is a good thing that this law or principle is as it 
is ; for if the sides had to be rammed as soft, and the sand 
9 
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left aa open, as is required to keep the bottom or flut 8ui> 
faces from scabbing, the side of some moulds would full 
down, or cause a deal of extra rod-etayiug uud other precau- 
tions to make them stand. 

A very essential point in making gears in dry sand ia to 
blacken the teeth, so that they will be smooth, and not show 
streaks, or Inmps of blacking on them. In blacking teeth 
the blacking should not be thick, and, if a swab is used 
in oi-der to (quicken the operation, it should only be usi'd 
for the first coat, and a camel's-hair brash substituted for the 
second and third coats. To make a good job of blacking 
requires ncatnosa and care, and a moulder that takes a swab 
and pastes on the blacking, washes or knocks off the edges 
of the teeth by rubbing the swab against the mould when 
there ia hardly any blacking on it, and then attempts to 
finish or patch the teeth by the use of tools, will make n 
very poor Job. Teeth should be blacked witli much care, 
and so smoothly that it is not necessary to touch a tool on 
them ; for if a good job cannot be done with a brush, it 
cannot be remedied witJi tools. 

There arc very few shops that mix their drj' sand or loam 
alike, for the reason that they have different grades of sand 
to deal with. A suitable mixture of open and close sand to 
form a loam, or dry sand, thut will stand the fall and wash 
of the iron without scabbing, is generally arrived at by ex- 
perience, although there are ways of telling whether new 
mixtures will work right, which I will discuss at some 
future time. Take any dry sand-facing mixture that works 
all right on ordinary castings, and mix it a little closer ; 
putinonepartof sea coal, coke, orhlacking, with from twelve 
to twenty parts of sand, and it will help to make the sand 
peel, assist in making smooth teeth, and give them a good 
color. 

This cut shows a good plan for making gear wheels with.-^ 
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out a pattern, the teetli being formed from cores made in 
the core box, as shown. In the box is seen the east-iron 
core frame, rods, lifting hooks, and spike nails for holding 
the teeth. The face of the box JT is -made to be taken off, 
to allow of drawing the remainder of the box without break- 
ing the core. There is a shrouding on the top and bottom 
of the teeth, which is formed in the same box. 

There is a tooth sometimes used in gearing that is the 
largest at the pitch line, so that it cannot be drawn out of 
the sand flatways like the one shown. For such teeth the core 
box has to be arranged so that the teeth can be drawn out 
endways before the core box is drawn off ; and to form the 
top shrouding there will have to be separate flat cores made. 

The arms of the wheel shown in the cut were made or 
formed of cores dried in the oven. They could have been 
made in green sand, but it was safer to make them of dry 
sand, as there was a deep strengthening rib all around the 
center of the arms. In moulding or forming this wheel, 
strike off a green sand level bed, and if the cope is a wooden 
one that needs gauging, make the level bed hard, ram the 
cope up on it, soften it up again and finish it ready for 
setting on the cores. Then, with the sweeping board at- 
tached to an upright spindle, strike a mark around on the 
bed the diameter of the inside of the teeth ; raise up the 
sweep so as to clear the top of the cores, after which set 
around the teeth cores, using the sand mark for a guide. 
When these are all set in their places, screw a strip of 
wood on the sweep tliat will come down and clear the inside 
of the teeth. In sweeping around with this you can see 
whether the cores are exactly true or not. There are two 
tilings that will liave to be watched closely in setting the 
teeth cores. The first is to liave the cores set in a true 
circle, and the second is to have the teeth where the 
cores join together the same size as oth^^^^^res, in doing 
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which a pair of calipers are useful. It takes time and pa- 
tience to get the cores to come exactly right, and they may 
require to be moved several times to get them so. The 
circle may be right and one of the joints wrong, to remedy 
which the circle must be made smaller or larger. 

In making the core box there are two ways of splitting 
the tooth, as shown at D and H, i> is tlie best way to make 
the cores, and H the easiest to get at the joints of the cores 
when set in the mould for the purpose of blacking and 
drying ; which should be so nicely done as not to show in 
the casting in the least degree. 

After the inside joints are daubed, close or daub up the 
outside joints with mud ; ram up the space between the 
bank and the outside of the teeth cores with sand, so as to 
keep the cores from being forced out of their places when 
the iron is poured into the mould. The level bed for set- 
ting the cores on should be sunk below the level of the floor 
to the same depth as the face of the wheel, and after the 
cores are rammed around, go round with the sweep and see 
if the cores have been moved. If they are all right, take 
out the spindle and sweep, and set the center core in 
the print formed by the sweep. After this is done, set in 
the arm cores, dividing them with pieces of wood — two for 
the arms and two for the rim. When all is right, put on the 
cope, and secure the arm core vents before pouring. 
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MAK1N(J RETURN, ELBOW, BRANCH, 
T-PIPE CORE ARBORS. 

The mukiiig of crooked pipe castiiiga is generally expen- 
sive coDipared with the cost of making straight pipes, the 
principal feature that increases the cost being the cores. 
The lower cut represents the making of a core for hot blast 
return pipes, the plan being that of Homer Hamilton, of 
the flrra of Willium Todd & Co., Youngstown, Ohio, to 
whom I urn indebted for permission to illustrate it. The 
old plan of making these cores was to make them in halves 
and paste them together, the halves being made in a wooden 
core box, or swept up on plates. Sometimes these cores 
were made in two sections and butted together at R. When 
set in the mould in whole, the core irons would nsoally con- 
sist of wrought-iron rods, spliced so as to lap by each other 
tliree or four feet, and to get them out of the casting re- 
quired time, and a good deal of pulling and twisting. Some 
shops, for such jobs, would cast some light bars, one being 
in each half, and break them to get them out of the 
casting. 

The core bar shown is all cast iron. The straight lengths 
are made as at P, which shows the end view of the bar, and 
also the core box liaving a core in it. The round holes 
represented are the vents. The core bar at the rounded 
end of the cut is also east iron, being made of short links 
held together by having the projection X set into an open- 
ing, or between two lugs, E, E, and the rivet passed throngh 
and riveted. These links have also a guide, F, F, cast on 
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i to let tlic links bend inward na fur as reqiiii'cd. 
Jf it were not for these, when tlie ai'hor was set iis wanted, 
on attempting to hoist it up the two sides would close to- 
getlier. For holding the other ends of the straight arbors 
stiffly in place tlic arm W is used. The liolts are for the 
vent rods to pass through when making the core. This iirm 
is put on when the arbor ia put together, and is not taken 
off until the pipe is cast. The straight arbor on the right 
is Joined and fastened to the end link by two hooks und u 
ter-pin. The hooks nnd pins are attached to the straight 
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arbor, detached views of which are shown at D and //. At 

D is shown a side view of the center-pin and one of the 

hooks, and at H the end view and the sides of the arbor the 

hooks are bolted or riveted to. These hooks and pin fit in 

holea drilled into the end of the last link, and when taking 

the arbors out of the casting the set screws ai-e loosened and 

■■be arm Retaken ofT. The pipe casting is then hoisted up 

^^Md pounded with sledge hammers until tbe sand is nearly 

^^^K out, then the arbor on the right is given a turn in tjje 
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proper direction wlien it 
will drop out. With u lit- 
tle more hamniering the 
links itnd straight arbor 
that are connected will also 
dro]), the time and labor 
not being one-third of that 
required when wrought or 
ea^it-iron rods are used. 

In making thi« core, the 
iron core box is first oiled 
with cheap blaek oil, over 
which a coat of tliick 
blacking is brushed on to 
insure the core against 
sticking in the box. The a 
core Band is then put ii 
make a bed for the flrb< 
to lay on, and aff^r the aT-t 
bor is bedded down solidly,"! 
the core is rammed up toM 
the level of the box. Th<»J 
long vent rods are then se^| 
iu their places, and to coa^^ 
nect the vent of the round«J 
ed ends witli tlic straigl^:! 
vent rods, a band or looe 
rope of straw or hay is laid j 
around against each sido I 
of the links, so as to comft J 
about one foot into thtfj 
straight ijart and haTB 
thom lay over tlie verrfj 
rods. Sand U then pufeT 
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on, and a piece of a box about two feet long, an end view of 
which is seen at Y, is placed on top and the upper portion 
of the core is rammed up. 

The small sweep T is used to shape the part left open, 
and through which the sand is shoveled in and rammed. 
This section, or upper box, is then drawn and replaced until 
the whole top part is rammed up. For tlie round end there 
is a short, circular box used. 

The top half could be formed with a sweep, but ramming 
it in these boxes makes a more solid core. 

The core, when dried, is set into the mould bv four 
screws, screwed into the core arbors at 2, 3, 4, and 5. 

The principle involved in the construction of this core 
arbor can be adapted to many other purposes besides making 
pipe. 

The upper cut, showing wings cast on a core arbor, repre- 
sents two ways of making cast-iron core arbors for a large 
number of T, branch, or elbow pipes, using the same core 
arbors. 

As a rule, such castings arc made with dry sand cores, 
and if a cast-iron core rod is used, it "has to be broken in 
pieces to get it out of the crooked casting. 

With an arbor, as shown, the cores can be made of green 
sand, and the arbor taken out of the castings without break- 
ing it. 

The cut shows the arbor for moulding a T-pipe. The sec- 
tion through A B shows the branch part connected with the 
main or longest section of the arbor. K shows a wroiight- 
iron square bar, one end of which is wedge-shaped. Under- 
neath this wedge bar is a flat wrought-iron bar, one end of 
which is bent and cast into the arbor, as shown by the dotted 
lines. In this bar a countersunk hole is punched hot, as 
a hole drilled out would have a tendency to weaken it. 
Through this hole a bolt or rivet is placed and cast into the 
9* 
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arbor, aa Bhown at S. When taking the arbor ont of the 
caBting, the wedge bar ia knocked in, when the arbor will 
drop out. 

The cut showing a dovetail is a plan generally used to 
hold sections together, A hardwood wedge is driven into the 
opening f, and when the pipe is cast the heat will loosen 
the wedge and free the arbor. If either of these plana are 
not thouglit to be firm enough for very lieavy eortis, the 
dovetail and bar wedge could be combined so aa to make a 
very stiff j.)int. Lengthways the dovetail should bo quite 
tajiering, so that when the pipe is rolled over, the wings on 
the arbor will allow it to drop sufficient to permit the dove- 
tails to tie pulled apart. 

The cut and description of the complete arbor is not 
taken from auy arbor, so far as known, in use; but the plan 
is one that I tliink would work well and he an improvement 
on the old dovetail arbor, which sometimes causes trouble 
by getting loose. 

In order to make this class of work fast, it is as necessary 
to have good flasks fitted up spcciully for the work as it is to 
have good core arbors. The flasks are better if made en- 
tirely of iron, as they can be cast to suit the shaiJC of the 
casting wanted, thereby saving much of the shoveling and 
ramming of sand. 

If the flasks are made of wood, the ends should be iron 
having half-circle holes, so that the round flanges at the 
ends of the core arbor will fill them, making a bearing of 
iron on iron to hold the core up and down at each end. 
The flanges of the arbors should be no larger than the 
wings which hold the sand, for if larger, the arbor could not 
be got out of the casting. 

The ends of the core box should be made the same size as 
the flanges of the core arbor, then when the arbor is set in 
the box to ni^ke the core, these flanges will have a bearing o 
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the ends, thus centering the arbor, and when the core is set in 
the mould the thickness will be equal all around. A half-core 
box is generally used for making the bottom in green sand, 
and the top portion is swept up ; or a half -core box is set on 
the top, having the upper portion cut out so as to ram the 
sand through, as shown at Y. Lighter pipes, aa a general 
thing, are made when green sand cores are used, than when 
dry sand cores are made in halves and pasted together. Of a 
lot of pipes made with dry pasted cores, the number that will 
have true round holes in them will be very small while; a lot 
made with green sand cores, made with a top and bottom 
box as described, will be found to have holes of the same 
diameter, and round. 
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MAKING HAY ROPE LOAM CORES. 

Hay, or straw, is wound around a core barrel for the pur- 
pose of Tenting the core, and allowing the barrel to be re- 
moved. When iron is poured around a hay rope core, it 
burns or chars the rope before the casting gets cold, thereby 
releasing the barrel so that it may be drawn out. With very 
large castings it is necessary to hoist the barrel out as soon 
as the iron is cool enough, for if left in till the casting is 
entirely cold the contraction of tlie casting will make it a 
hard job to get the barrel out. The rope also assists in 
holding the loam from dropping off the barrel. 

In starting to put on the rope, tie the end with wire 
passed through two of the vent holes, and when the barrel 
is being revolved the moulder should keep the rope as tight 
as it will stand without breaking, so as to take all the stretch 
out of it. If the rope is put on slack, it will be impossible 
to sweep up a true, solid core. 

When a core is large in diameter, it is best to have the 
rope pounded with a wooden maul as it is wound on the 
barrel. This will help to take all the stretch out of it. 
Should the rope break at any time while putting it on, take 
the end and let the barrel be turned back a little, thin out 
the broken ends for about a foot, twist them around each 
other and pound the splice so that it will not be any larger 
than the rest of the rope. 

To fasten or secure the end of the rope when the barrel 
is covered, drive some nails tlirough it and into the strands 
next to it. In putting the rope on the barrel, the barrel 
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should be turned in the same direction it is to be turned 
when the loam is swept on. 

When there is an offset or shoulder to be made on a core, 

or should the barrel be so small that one tliickness of rope 

Avill leave too much loam, there can be another thickness of 

rope put on over the fii*st. When doing this it is best to 

rub on some loam over the first layer of rope, so as to make 

a solid bed for the second layer. The first coat of loam that 

is rubbed on the rope should be very clayey and tough, and 

made so that it will work in between the joints and stick to 

the ro2)e. If this first coat is not made to fill up all the 

joints and holes, the result will be a swollen or uneven 

casting. 

It is also necessary to take a brick or block of wood and 
press it hard against the loam while the barrel is being 
turned, and if not sure that all the cavities are filled, it is 
a good plan to take a ^ inch or '^ inch round iron rod and 
press it between the joints while the barrel is being re- 
volved, and then fill up the crevices with loam. After this, 
take the brick or block to lay all the loose hay flat, and make 
a solid surface for the second coat of loam, which should be 
put on so as to leave about J inch for the finishing coat. 
The second coat should be used as stiff as it can be worked, 
to prevent bagging. 

It is sometimes best to use the sweep in putting on this 
second coat, so as to make an even surface for the finishing 
coat. As a general thing, the finishing coat cannot be put 
on until after the barrel has been run into the oven and 
dried. 

When dry and hot take it out of the oven, set it on the 
horses, as shown, and rough up the core with a brick so as 
to break the skin, to take the smoke black off. Take a 
brush and wet the surface slightly just before putting on 
the finishing coat. This coat should be put through a No. 
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8 sieve, mised thoroughly, uiid enoagli put on tho board or 
sweep to complete the core. Wlien all is ready, take both 
hunda JiMd rub ou the loum while the hulpor ia turniug the 

barrel. The biure! should uever 

be turned f^t. Wheu turned 
once around, make tho balance 
of tho loam thinner and go 
around again. Aa tho circle is 

i___^^^^ completed, pull back tlio board 

t fl^^^\/*^>^' endwise while tho barrol ia yefc 

^^ -^ in motion. By doing this no 

murk will be left on tho core. 

II you ciin finish the core in 

two revolutiona, it will be 

smootlicr than if it takes four or 

! five revolutions to do it. If 

' tliere should be any rough places 

I on tho surface, instead of using 

' IX trowel, uso a smooth, hard- 

1 wood block to smooth them with, 

dampening them with wat<?r and 

loam, and rubbing with the block 

till smooth and level. 

If the core iaiai'ge in diameter, 
it is beat to keep the barrel turn- 
ing slowly until the loam is set 
enough so it will not sag. If 
the barrel is stopjwd when the 
J ■\"" ]|!ll|i! jl hoard is taken away, the core is 

id ''■' 'i',,'u' I |~ni ^P^ ^^ l^e out of round, In turn- 

ing the barrel, never turn up 
againat the sharp edge of the 
sweep, but towards the beveled portion, as shown. Tho 
thicker the casting, the more body or thlckncsa of loam 
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Iibere should bo OTor the ropes, especially if the iron is 
poured hot. When there ia not enough loam over the roites, 
the hot iron heats through the loam mid burns the i-ope 
while the iron is yet liquid, and the iron will strain into the 
Boft open places, and the casting will have lumps on it. 
To make a casting one inch thick, the core barrel sliould 
B about three inches smaller than the finished size of the 
This will allow l.J inches on each side of the barrel 
for rope and loam. The size of rojie should be about f of 
1 inch, which would leave f of an inch for loam, f of an 
inch of which should be left for the finishing coat. For 
Ifastinga about 3 inches thick, 1 inch thickness of loam 
Rrill be safe. . 

During the war a firm in tliis country cast heavy cannons 

by coring them out, to save some of the boring and make a 

Btronger cannon. The cores were swept up on a barrel, and, 

instead of using hay ro[H;, they used rojies made of hemp. 

p^lere were polls of small water-pipes in the core barrel, and 

" i water was kept running iu them to keep the core ban'el 

wl. 

make an even, strong hay or straw ro])e requires some 
ictice, and the longest hay should be selected to make it 
3 together. 

: cut D shows a simple rope twister. Some use rope 
ristors made on the plan of a carjwnter's bit^stock, which 
takes a handy tool, and B shows the barrel mounted on 
;, with the screws for gauging the diameter of the 
re. H is an end view of the same. All core barrels should 
1 supplied with vent holes. Under 8-inch diameter 
y can be made of wrought-iron tubing. For small cores 
y can be put on the barrels without making it into 
18 only a thin laying of hay is required. The same 
fcixtnres of loam that is used for brick loiim work will gen- 
ially do for this class of cores. 
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BLACKING AND SLEEKING LOAM 
DKY SAND MOULDS. 



The poor qualitj of the blacking ia generally t 
made by many montdors for scabbing and for poorly iieeled 
caatings. Sometimes sucli cxcusub are juBt, but in a great 
many cases tbo moulder who uses tlie blacking is the only 
one tbat is to blame. There are very few moulders that 
know how to mis blacking correctly, and sleek or finish 
a mould properly. At the present time the peeling of east- 
ings does not dejrend so much on the mixing of tlie blacking 
as it did fifteen or twenty yeara ago. In those days, when 
we bought blaeking, wo generally received it unmixed with 
resin, soap-stone, clay, black-leads, and minerals, etc. It 
was sold aa ground, and free from the hard coal, coke, 
black-lead, soap-stone, or charcoal, "When we ordered heayy 
blacking, we received a barrel of pure ground Lehigh ; to 
this most every moulder had his own seei'et percentage of 
black-lead and charcoal, tbat ho would mis with the Lehigh, 
whenmisinghiablackingin some unobserved place. At pres- 
ent we have only to go to the prepared barrelof blacking, and, 
tia we do not know how much lead, charcoal, or anj-thing 
else there may be in it, we take it from the barrel jnst 
as it is, and mix it. In those days an experienced loam 
moulder could tell at sight of a newly o]jened barrel of 
blacking whether it waa good or not; but now blackings 
are so mixed it is a hard matter to tell what it is until we 
trv it. There is a way we can ^ct some idea of the merits 
of blacking l)efore that we put it' "V"" our moulds. Whei 
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mixing up blacking, before it is thin enough to use, take a 
small baJl of it, and dry it in the oven, and when dry see 
if it can be rubbed so as to make a dust easily; or, when tlie 
"blacking is mixed up in good order, take a small core and 
black it over with it ; when this core is dry, try to rub off 
the blacking with the hand, and then if it does not rub off 
easily, and seems to have a firmness about it, the blacking is 
generally satisfactory as far as the manufacture is concerned. 
There is such a thing as having the blacking mixed too 
strong, so as to make a poor mixture of blacking appear 
firm and solid when upon the mould ; but when the casting 
comes out, it is blackened, scabbed, or the casting does not 
peel well. Ingredients can be used to wet and mix a black- 
ing having nobody in it, and yet it will appear very firm and 
strong when on the mould ; but a trial test of blacking 
should be made by mixing it with a mixture of weak mo- 
lasses or clay, water or beer, in order to decide upon its 
merits before using it. When a blacking can be brushed 
or rubbed off from the surface of moulds no one need 
expect to see the casting peel very well. When a blacking 
is so hard that we cannot scratch its surface so as to raise 
any dust, it is then mixed too strong, and it is very apt 
to scab or boil off when the iron comes in contact with 
it. Strong blacking is a good deal.like the surface of a 
green sand mould that is made too hard, audit will cause 
trouble. 

Many moulders think that the thicker a casting is the 
more blacking should be put on it. When 3^" of thickness 
will not peel a heavy solid casting, it is generally safe to 
conclude the blacking has not been made and mixed i)roper- 
ly ; if -^^" thickness of blacking will not peel a casting, the 
thickness of i" will not do it. When blacking is jnit on 
thicker than ^", it causes the surface of a mould or black- 
ing to generally flake off in spots, and the iron when it 
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comes in contuct with the blacking causea a gas ; the 
bliicking being ao thick the gaa cannot escape through to 
the loam or dry sand surface, imd as it must free itself in 
some way, it will start and push out th tac oat of black- 
ing, and paaa up through the iron. 

When u casting commences to be 1 sb than n noh in 
thickness, then the blacking should b tl nn in the 
surface of the mould, especially toward tl uj] d. 

When the casting is run altogether f n tie b tt »m of 
the mould, too niueh blacking on a mould for a thin cast- 
ing acts as too strong a green sand facing on a thin casting ; 
it will make the casting all cold shut. To properly put 
the blacking upon a mould in oi-der to make a smooth- 
skinned casting is ^ery important. The thickness of black- 
ing should deiiend upon the condition of the surface of 
tlie mould. Rammed up dry sand moulds arc generally 
about the same dampness when they are finished, but with 
loam moulds it is different ; we sometimes do not get the 
blacking on the surface until it has become very haid or 
dry. When tlie surface of a mould is dry or hard, the first 
coat of Wacking should be a thin one, the drier the sur- 
face the thinner the firet coat of blacking should be, 
in order to have it soak in and adhere firmly to the sur- 
face. In 2>utting on this firet coat the brush should be 
rubbed up and down, and from one side to the otiier, as 
oftentimes only once passing the brush over the surface 
will not make the blacking surely work into the hard loam 
surface : the thickness of a second coat of blacking should 
depend upon how etiff or dry the first coat has become : if 
it is hard or dry, then the second coat should not be much 
thicker then the first was, and, of course, the thinner the 
coats of blacking are, the more coats must be put on when 
loam mould surfaces are diy and hard. It is best to black 
and finish one piece or scrti"" at a *' ' after the first 
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coat of blacking is on, the following coats sliould be put 
on before tlie under one Iulb gotten too liard and dry. 

We arc very often forced to black loitm moulds or Bwept 
up rolls while the loam or surface of the mould has hardly 
become stiff or dry enough to ubaorli the hliicking. In 
blacking such greeu moulds we cannot use the blacking as 
thin as when blacking a hiu-d surface, but it must be need 
thicker, in order to get body enough, and in f^uch cases, 
when there are two coats required, we must be cjireful, lest 
in i)ntting on the second coat we will take oft nearly as 
much as we ]jut on, in which ease, when the easting cornea 
out, wo will wonder why it is that the coating does not iieel 
better. It is always best to black a mould, if circum stances 
will allow, when the mould is just damp enough to soak up 
the blacking, so as to be sleekablc about five minutes after it 
ia put on, and also to have the blacking stay damp long enough 
to sleek the mould in good style, without having to bcjir on 
too hard with your sleeking tools lo do it, since bearing 
hard upon tools when sleeking a mould is very injurious ; 
for it not only compresses and cloaes up tlie jioi-cs of the 
blacking, but it also has a tendency to start it from the sur- 
face of the mould, the effect of which is not eeen until the 
casting comea out, having some scabs npon it. 

The loss sleeking done in order to finish a mould the bet- 
ter. It is a good plan to lightly sleek once over tlie mould 
while the blacking is soft and damp. This will smooth 
down and fill up the hollows, and then to come back to your 
starting-point, by which time the blacking may be stiff 
enough to allow the finishing of the mould in good shape. 
Sometimes, when the blacking is very soft, the mould may 
have to be sleeked over three times before it has a good 
finish. A well-finished mould is one on which no trowel or 
■Kil marks are seen, and also having all the 
i smooth and the sh.ipe the pafcteru deinanda. 
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sqiiuro cpmcr is required, see that it is made square, and 
not all filled up witii lumps of blacking ; or if a deep Uange 
is needed, see that there arc no etreiiks of blacking ruuniog 
down its sides, so us to mate the casting look as if n lot of 
■worms had been traveling over its surface, eating grooves 
in it as they went. Sometimes, when it is not easy to get at 
Kome crooked parts, in oi-der to sleek them, many use a fine 
canicl's-hnir hrusli and some thin blacking for going oyer 
the surface. In fact, many moulders make a practice of 
doing this over all aleckcd moulds, and it is a good way to 
do, when you want to quickly finish a mould, or hide any 
rough finish or tool marks. There is one redeeming quality 
about thus going over the surface of a mould. It will help 
to fasten down any spots or places that may liave started 
from improper sleeking. 

A mould when in process of blacking should have the 
blacking brushed or put on with a swab as smooth and even 
as possible, and not have it daubed on in any style, knocking 
off the edges and corners, and lifting up the anrfaec sand. 
A mould blackeued in this way is sickening to look npoo. 
Time taken in order to blacken properly will be more than 
fully saved in the finishing — also will prepare a mould so as 
to be finished in good style, which it is impossible to do 
with a mould rougldy blickencd; and the attempt would 
only take twice as long as it the mould had been blackened 
smoothly and even. 

In using a trawel or any tools to sleek or finish a black- 
ened mould, the whole flat surface of them should never be 
used as a moulder does when sleeking a green sand mould. 
When too much surface is allowed to press or to be moved 
upon the surface of blacking, it will generally stick to the 
tools. To properly sleek blacking, the movements must be 
lively, and aa little of the surface of the tools as possible be 
used ; and also ttcver sleek twice ivhere once should do. 
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A dry sand mould is worse to finish, so far as the sticking 
of the blacking to the tools is concerned, than a loam mould. 
Sometimes, when finishing either of them, if the blacking 
has become dry, it will be started in an inexplicable manner, 
and cause the casting to be scabbed. The trowel should be 
slightly elevated or tipped up, so as to have only a small 
surface of the lowest portion toucliing, and if the blacking 
has become too hard for easily finishing, it is a good plan to 
dip the tools into water. This will help the blacking to 
sleek easier, and prevent its being started. When the black- 
ing is soft, rub the tools with a good oily rag, which assists 
in cases where there is danger of the blacking sticking when 
being sleeked. Often in sleeking there are air bubbles 
formed under the skin of soft blacking, caused by too much 
sleeking, and which must be disposed of before a mould can 
be well finished. To do this, the air bubbles should be 
pricked with a pin or sharp vent wire. 

An article that has been lately introduced, called plum- 
bago, silver lead, or sometimes flake lead, is growing into great 
favor with moulders, as it is a great help not only in peel- 
ing the casting, but also permits faster and better finishing 
the mould. This lead, when of the right kind, is dusted by 
the hand over the surface of the blacking, and to give some 
idea to moulders of its merits that have never used any, it 
will be sufficient to say, that after it has been dusted on over 
the wet blacking, the flat of the hand can be rubbed over the 
wet or damp blacking, and there will not any stick to it. In 
using tools, they slide easily over the surface without any 
danger of the blacking sticking to them, and the sleeking 
of a mould is made a simple affair by its use. Blackening of 
moulds dry is a plan that is often practiced. There is let^s 
danger of a mould's scabbing when blackened dry than when 
green, since there is no sleeking done, and the blacking 
can be used thinner. The thinness of the blacking v/ill 
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depend upon the heat of the mould to be blackened. The 
hotter the mould is, the thinner should the blacking be. 
Moulds should never be blackened when they are so hot as 
to make the blacking blister. It generally takes from one 
to two coats more to blacken a mould when dry than when 
it is green, because the coats must be used thinner. To 
properly blacken moulds, either green or dry, will always 
require a mechanical judgment, and whenever there is any 
trouble with blacking not peeling or casting as it should, 
let us investigate, to sec if tlie trouble is not with ourselves, 
before we commence to blame the blacking manufacturer. 
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IRON CASINGS FOR MOULDING POTS IN 

LOAM. 

I The use of the flask or iron easing, as shown in the sketch, 
will be something new to many loam moulders. By this 
plan, instead of rubbing the loam on to bricks, it is rubbed 
on to iron. The pots made in these casings are used in a 
wire factory for heating wire. 

In the morning, when the casings are hoisted out and 
when they are hot, the first coat of loam is rubbed on to 
them, and is about f" in thickness. If the casings are not 
hot enough to dry the loam, they are run into the oven, and 
when dry and hot, are pulled out and lowered down on the 
shallow bottom and clamped. 

There can be a thin sheet-iron ring placed between the 
joints, to project out to the face of the sweep to support 
the loam, and make a level joint. 

After the center spindle is set into its bearing at the bot- 
tom, and secured at the top by the arm, as shown, the loam 
is rubbed on, the sweep passed around, and when this coat 
is stiff enough the finishing coat is put on and swept off 
smoothly. 

The cut shows a sweep only half the length of the flask, 
that is, coming up to where the flask is jointed in the mid- 
dle. They are made so, in order to make pots small in 
diameter, that would not admit of a man standing up in 
them to sweep them up. The lower section is swept up 
and finished, the top section put on, a second sweep is 
screwed on above the lower one, and the top section swept 
up. 
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Were the pots large enough to admit of a man working 
inside them, the easing could be made witliout uny joint at 
tile middle, and the aweep made the whole length. 

The thickness of loam used on the surlace of casings 
ia 1" at the bottom, taiieriug up to J" at the top. This 
taper is to allow the casting to be hoisted out easily. The 
small sweep at the bottom is for making the bottom of the 
pot. This is not swept up until the rest is formed and 
hoisted off ; then the top arm ia fastened on at the lowei- • 
bearing. Tliese bearings are turned on a eVjuare shaft, 
wliieh is better for fastening the sweeps to than a round 
one. The bottom is rammed up with dry sand. In closing 
the two ])art9 together when dry, the joint must be secured 
so as not to leave a fin, which would prevent the easting 
from being hoisted off the casing. To insure this, it ia 
necessary to go down into the mould and daub up the open- 
ing with blacking. To moulders that have never used cas- 
ing for loam work, this plan would seem dangoroiis; but 
having worked with this rigging myself, and knowing that 
splendid castings can be made in a very short time by its 
use, I would recommend casings for castings of a similar 
character when there is a large number to make. For a 
few pieces it would not jiay, as the rigging is expenaive to 
make. 

The main point in making such a rigging is to have 
plenty of vent holes in the flusk or casing. The holes 
should not be over l", m the pressure of the metal would 
be apt to buret through them if larger. It is bettor to 
have the holes the largest on the inside, as shown. The 
first coat of loam that goes on should be as open in texture 
ble. 

i'hesG pots could be swept up flat ways, as well as in the 
way shown, by haying the flask split in halves like a roll 
flask. A woodC" ■ ' " ' ' ■ imd shape of the caBt*iJ 
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ing, should be made to lay on the joint of the flask when 
sweeping up the mould, to make the edge of the joint 
square and level. 

A casting smaller than the one for which the casing was 
intended can he made by lining up the casing with brick. 
A flange or angle-iron, such as is used for a cupola, can be 
put on for holding up the brick. When building up the 
bricks put cinders between the Joints and at the hack to 
carry ofE the vent. The size of the pots made in these cast- 
ings was from 2 feet 6" up to 4 feet in diameter, and in length 
about 7 feet. The thickness of the castings run from 1" up 
to IJ". In pouring them, the iron fell from the top. The 
flanges of the eastings should he turned up in the lathe ; also 
the broad flange on the core barrel, aa it is the flange bearing 
on the top flange of the casing that supports and holds up 
the core. When the two pins (one of them is shown at X) 
are in their holes, you can rely on the thickness being ecjnal 
at the bottom. 

The core is a hay rope loam core, and in the two cuts is 
shown the manner of turning it over so aa not to injure it. 

The small cut shows the core barrel as it is Jioistcd oflE the 
oven carriage. It has to be dried standing on end. The 
blocks, Nos. 1 and 2, are used for assisting in throwing the 
core over, and when it is down the bar is put under the 
screw and the hook Jiitohed on the square S, which is also 
used for turning the core barrel wlieu making the core. 
The bar is then put through the eye of the screw or hook, 
the crane hitched to the other end, and the barrel hoisted 
up on its end, as shown, so as to be lowered down into the 
pot. The little jihig A has a screw cut on it the same aa 
the hook, and when the hook is taken out, this plug is 
screwed int^i the hole, loamed over, and blivcked. A small 
fire of shavings is built under it to dry it. This plug has 
a square hole in it for screwing it in and out. The core 
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barrel is cast with a bottom on, full of prickers. The top 
flange is bolted on the core barrel, as shown at D. In this 
flange there is a dovetailed groove cast at the point, to 
which the iron comes, and this is filled with loam, so that 
when the iron comes up it strikes sand instead of iron. 

In fitting up the core barrel, the hook and screw must be 
central, so that the barrel will turn true on them, and the 
broad flange at exact right angles with the center bearings. 
The core barrel should have plenty of vent holes in it, and 
be made 3" smaller than the size of core, to allow IJ" on 
each side for the hay rope and loam. 
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DRYING MOULDS. 
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A WELL-DKiEU loam or dry sand mould is a, very essential 
point in making a casting that shall be free from scabB, 
Some irregularity may be -admissible in the mixing of the 
loam or blacking, but the mould should be thoroughly dried. 
When the water in a damp mould is heated, it ia converted 
into Bteum ; and steam, when confined, creates jiressure. 
Iron, when poured into a mould, heats up the surface and 
interior portions, and this heat generates steam if moigture 
is present, and tiie mould is very rarely strong enough or 
close enough to hold the pressure, which incrt'iiEps until it 
forces an oi^iiing tlirough which it can escape. This may 
be towards tlie surface away from the iron, but it is more 
likely to be in a direction towards and through the iron. 
The outside of a mould is generally encased by an iron flask, 
or held by a curbing, between which and the brick-work 
sand is rammed hai-d and compact, and, with the exception 
of through a few vent holes, it is almost impossible for steam 
to escape in this direction. Towards the face of the mould 
the brick-work ia open, or, if it is a dry sand mould, the sur- 
face ia generally more porous than the hacking, so that the 
steam will genenilly escape, or be drawn through the surface 
of a mould before it will find its way through the outside. 
This is the main reason why a damp mould will cause a 
casting to scab. 

It may be asked. Why cloes not a green sand mould scab ? 
The sand is damp. True, the sand is damp, but there is a 
certain limit to this dampness, which, if overreached, yj]] 
cause trouble. 
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The surface of a loam or drysanil mould is generally liard 
and close, compared to that of a green sand mould, thereby 
permitting the steam generated at the surface of the mould 
to escape through the sund until it ia free ; but should the 
green sand be rammed too hard, then the steam cannot force 
its way through, and it will come up through the surface of 
the mould and pass up through the liquid iron, tJiereby 
making a scabby or bad casting. A green sand mould that 
is rammed too hard, and a loam or dry sand mould that is 
not dried, have very much the same effect on the casting. 

Whetlier a loam mould is dry or not ia very often guessed 
at. The moulder will say it looks dry, and that aa it has 
been in the oven a long time it must be dry. It ia not the 
length of time a monld has been in the oven, nor the looks 
of its surface, that can alway be depended on to indicate its 
quality of dryness. A mould that should be dried in two or 
three nights ia often only half-dried, as the oven may not 
work well, or there may have been some neglect on the part 
of the watchman. The lire may have been very hot for a 
short time, thereby scorching or burning the surface of the 
mould, while the interior ia not half dry. 

There is a great deal to be done iu the way of properly 
managing a fire so as to save fuel and dry a mmdd as it 
should be dried. The iii-st fire should be a slow and easy 
■me, so as nut to blister or crack the surface of the mould, 
Kirhich is caused by the efforts of the steam— quickly raised 
Mnder the surface — to escape. This ateam meeting the 
tvesistance Of the half-dried blacking, which is very much 
Mike a sheet of rubber, stretches and blows it up into hills, 
KJ|Hit has not sufficient pressure to burst through and escape. 
nnierc are many who think that by keeping a slow fire all 
HHie time to dry a mould or cores they save fuel. In some 
pAiues this may be so, aa when a mould has little body, so 
nthat one night's firing will dry it ; but when a mould tas a 
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targe body, after the Bret easy firing, in my opinion, there 
will be more fuel sjived by keeping a good steady fire than 
by keeping a slow one. A slow fire will drive the heat in 
for about 8 inches, lifter which the further drying will be 
very bIow. 

With some moulda or cores this slow firing might be kept 
lip for a week, and yet the interior not ite dry. Whereas if 
the fire had been hotter the heat would have been forced 
into tlie interior and the sleam and dampness espelled with 
probably two-third's Iohb fuel. 

I have seen largo corea put into an oven and orders given 
for u slow fire for fear of burning them, and after there had 
been fuel enough used to dry two seU of such cores, the boss 
would get disgusted because they were not dry, and give 
orders for a very hot fire, at the same time looking at the 
corea as if to say, " We will see who is to he boss," When 
the cores came out of tlio oven in a burnt condition, one 
could imagine tliem as eityiiig, " Well, Mr. Boss, if J'oit huA 
used better j'udgmentwe would all have been well dried long 
ago, and not burnt cither." 

In the making of large body moulds or corea there should, 
if possible, be openings made from the center to the outside to 
assist the steam in escaping from the interior ; and also, 
when possible, the center portion should be filled up with 
coke or cinders as much as can be safely done. The mora; 
coke or cinders the less sand and firing will be needed. 

Plenty of venting in moulds or cores is also a great ai 
ancc in drying. 

It is generally easy to tell when a dry sand mould or 
is dry, but with loam moulds it ia not so easy. Very 
loam moulds are made, but the following plan could bo 
adopted for determining if they are dry. Let the moulder, 
when building the bottom ' " hB mould, make an open- 

ing lh:it will I'" » ivct brick, or u lump 
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of wet loam, and on the outside of this let the opening be 
closed with temjiorary brick-work and mud. When he 
thinks his mould is dry, ho can pull out Uie temporary brick- 
work and see the condition of the inserted brick or lump of 
loam. If this part of the mould has been placed away from 
tlie fire, and this brick or loam, when broken, is dry, he can 
generally depend on the mould being dry. 

The cuts shown are for illustrating some of the ways of 
drying loam moulda that are too large to be dried in the 
ovens or too Jieavy for the crane to lift, making it noccHaary 
that they be dried in a pit or on the shop floor. 5 is a fire- 
bosket, sometimes made in the form of an open grate-frame 
work all around the sides, as shown at P, and sometimes of 
boiler iron, drilled full of holes, as shown. For bottom 
grate burs in both styles, wrought-ironrods are generally used. 

The baskets are made round or square in form, according 
to the shape of moulds they are to be used in. The width 
and liGight will depend upon the dimGnsionB of the mould. 
There should be at least 18" of space between tJie surface of 
the mould and the fire-basket, to prevent burning the sur- 
face of the mould before it gets thoroughly dried. 

Sometimes, instead of using one large basket, three or 
four smaller ones are used, in order to better distribute the 
heat. 

When the mould has a bottom in it, like the one shown, 
the baskets are generally bung by having the hook J" held 
up by a crane or a strong bar. When a mould has no bot- 
tom in it, the basket can be let down so ad to rest on bot- 
tom bearings. For moulds of this class, it is best, when 
possible, to have them hoisted up so as to have the bottom 
part of the mould about on a level with the top of the fire- 
basket, or have a hole dug so as to allow the baskets to get 
below the bottom, the better to dry the lower part. 

When the inside of a mould is too small to admit of 4 
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fire-basket being placed in it, a temporary fire-place is made 

adjacent to the bottom of the mould, and the heat made to 
pass up through the inside of the mould, by having the 
outer opening or space closed up with brick-work or sand, aa 
shown at S. The fire-place shown at H can be made in tha 
form of a basket, and placed directly under the mould or 
core. This basket can be pulled out to clean and renew the 
fire. Or there can be a temporaryfire-place, aa shown at W, 
built up outside of the Dore or mould, and the heat con- 
ducted through a channel to get to tlie inside of the mould. 

To confine the heat, the moulds are genendly covered 
over with sheet or boiler iron plates, as shown at }', }'• B, 
is a stove-pipe, to carry off tiie smoke and create a draft. 
^ is ft sheet-iron curbing for retaining tlie heat. A' is » 
brick wall for the same purpose. Either the wall or the 
curbing will answer the purpose. 

The combined fires are only generally needed when there 
is over an 8" wall to be dried, in which ease a fire in W, so 
OS to heat up the outside of the mould, is combined with a 
fire on the. inside of the mould, and also channels, as 1, 2, 
3, and 4, connected with the fire W, to carry the heat un- 
derneath the bottom plate, which should have plenty of 
holes in it. The two fires thus combined will thoroughly 
dry a mould. These channels can be formed by using brick, 
or rough gutters can be made in the sand, either of which, 
if desired, can be filled up with sand after the mould is 
dried. The heat could be got under the bottom by having 
the plate raised on iron blocking, as shown at A, A. 

It is always the bottom portions of such moulds that are 
the hardest to dry, especially so if the mould is built up in 
a pit. In such cases it is a good plan to have, when possi- 
ble, a large hole cast in the bottom plate, so that when the 
bottom is being bricked up there will be a part of the mould 
left open. 
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Then below this opening tn the mould let there be a smi 
pit dug with a channel J" is a jiiiie laid to the outside 
the mould to admit air to the pit, creating a draft. Tlien, 
with a fire-basket lowered down through the mould Into the 
pit, we should have a fire below the bottom of tiio mould the 
same as shown at H, Alter the mould is thorouglily dried 
by tlie eombJnation of fire-baskets H and B, the pit ia filled 
up with sand, and a plate having built upon it bricks or core 
sand, and previously dried and still hot, is lowei-ed down to 
fill up the opening, as shown at A'. Between the two plates 
there should be a little soft loam to form a solid bearing. 
The open space M, M, is then filled up with a dry mixture of 
loam, anil should the top surface nut be even with the original 
surface, it is made bo by filing off or building on. A thin 
sheet-iron plate, having on it a ehareoal fire, is laid over 
as to assist in drying out dampness. 

Sometimes when huilding the bottom of a loam mould th( 
is Ycry thick, it is best to partially dry the bottom hricl 
work before the upright portions of the mould are maile 
which can be done by having the plate raised up and a wood 
fire underneath and a charcoal fire on top. After Ihia the 
bottom can be permanently set where wanted, 

The best kind of fuel to use in the fire-baskets will dej 
on the draft. Charcoal re<iuires the least air, gas coke mor^] 
and soft and hard coal and coke the most. 

The moulder must use his own judgment as to the 
plan to be adopted for drying any particular mould, as thi 
are hardly two moulds that the same drying arrangement 
should be used for ; but it is hoped that from some of tl 
difiEerent plans given there can be found one that can 
turned to answer his purpose. 
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CHAPLETS AND THEIR USE. 

Is making caatiDga that require the use of chaplets, the 
tioulder is frequently annoyed by complainta about blow- 
holes. If aakud what caused the blow-holes, he would be 
likely to Bay that the chaplets miiet have been rusty, of 
irLich there can be no question. To know what this ruBt 
d its chemical action when aurronndud with hot iron, 

louid be of as much interest to eugrneera and machinists 
it is to the moulder. Any one employed in a foundry 
knows — some to their sorrow— that to take a rusty rod and 
quickly pnsh it into a ladle of melted iron will cause the hot 
iron to fly in all directions. This is caused more from the 
ampnesa than from anything else, as all rusty iron is 

lorc or less damp, and hence, when jilnnged in the hot 
'iron steam is instantly generated, which scatters the iron in 
its efforts to escape. 

To demonstrate this, take a rusty rod, heat it enough to 
dry up all the moisture, and then put it into a ladle of iron. 
The iron will boil around it more or less, but will not fly 
over the foundry as it would if the rod was not dry. 

There are two things to be contended against in the effort 
to keep melted iron from blowing or boiling when enclosing 

ity iron. The first is steam, and the second is cai-bonic 
(xide gas. This gas is formed by cai'bon in the hot iron 
combining witli oxj'gen. 

Take a piece of polished iron, and let it get damp from 
the moisture of the air — or otherwise dampen it — and it 
[^*)on becomes rusty, because of the affijiity of ii-ou for oxy- 
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gen whea combined witli water. Under certain conditions 
jiolislied iron ciui he kept from collecting rusf or oxygen ; us 
by keeping it no colder than tlie tempei'ature of the iiir, and 
keeping the air dry. Take the iran from a cold room into a 
warm ono, and it will not bf long before rust will collect 
it. This ig caused by the cold iron condensing whatever 
moisture there may be in tlie air. 

To determine how mnch gas is formed in a mould wl 
melted iron cornea in contact with msty iron, I cut 
piece of J" round iron one foot long, aiid had ifc weighed on 
a pair of fine scales. I then took the rod and heated it red 
hot, BO as to hum off all the rust, after which the rod was 
reweighed and found to weigh sixty grains less. 

To know how much gas this sixty grains of mat or oxide 
would form, I submitted the matter to a chemist, Mr. L. H, 
Witte, who found that sixty grains of rust in melted iron 
would make thirty-one grains of carbonic oxide gas, which 
at 2,800 degreea of hcut (the melting point of iron), and a 
pressure of one atmosphere, would occupy about six hun- 
dred cubic inches of space. The volume, or s]jaee, which 
gas occupies depends on the pressure. If a moulder sets 
rusty chuplets, the damage will he proportioned to the tem- 
perature and pressure of the iron around them. It is very 
seldom that chapleta in common jiipe and similar eastings 
should have blow-holes around them on the side cast down. 
It is on the top or cope part, where there is very little press- 
ure, that the blow-holea are found. The same may be said 
of cylinders or other castings where chaplets are used. 

The question might he asked. Why ia it, that where the 
greatest pressure is, the gas escapes the easiest and without 
causing hlow-holes ? The parts of a mould where the great- 
est pressure is are usually the first to he filled, and the iron 
is liotter and cleaner than at the top of the mould. Should 
the chaplela at the bottom cause the iron to blow or boil, 
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^^■he gaa Till escape ujiward through the iron, and come ont 
■lOf the mould at the runners or feeders. The iron being 
hot, the pressure will not allow any holes or cavities to 
exist; but ehoiikl the iron boil or blow around ehapleta in 
the upper sections of a mould, it will generally Icuve blow- 
lioles in the casting, because of the iron Iwing dull, or hav- 
ing no life in it, so that the gu3 cannot escape through it, 
but stays around the ehaplets. The size of the cavities 
will depend on the amount of gas formed that cannot 
escape. 

Chaplets are very often kept in moulds for two or three 
days before the mould is cast. In such cases they are veiy 
apt to corrode or get rusty, especially if the mould is a. 
green sand one. 

I The moulder may paint or ramish the chaplets, to pro- 
tect the iron from getting rusty, but the paint or varnish 
^11 sometimes create more gas than the rast or oxide 
irould. Again, the paint may be of such a nature as to pro- 
tect the iron chaplet from rasting, but hold moisture itself, 
and when the melted iron surrounds the wet chaplet it 
forms a cushion of steam around it, and the blow-holes 
are formed, the same as from the gas caused from the 
rust. 

About the best thing to prevent chaplets fi-om blowing, 
t boiling the iron around them, is to have all the rust burnt 
f and have them tinned over, which can bo done to advan- 
tage for a standard class of work. The affinity of tin for 
iron makes the iron hotter. Pieces of tin are often thrown 
into ladles of iron to make the iron softer and more fluid. 
The tin, beside making the iron around the chaplets hotter^ 
BO as to give any gas that may be formed a better chance to 
escape, also protects them from collecting moisture and 
I jietting rusty, 

For castings where it is essential that the upper section 



shall be Bound, it la best to use what Ja called a loam chaplet. 
Thia is mode by taking solid iron, wrought or cast, and 
dimbing Lho surface exposed to the moltod iron with a thin 
coat of loam. This will leave a clean hole in the casting, 
which the machinist will have to tap and plug up, but when 
the casting is put to the test, there will be no danger of blow- 
holes around the chaplets. In using such chaplets pieces of 
iron can be built up on top of the core arbors so as to come 
even with the face of the core, and have the chaplets rest on 
iron instead of on Kind, By tiiis method fewer chaxilets will 
be required to hold down a core. The fewer the chaplets 
used the better and stronger the casting. 

Red lead mixed with turpentine is one of the best paints 
for chajilets. Chalk, coal tar, oil, asphaltum, etc., which are 
often used on eha])lets, are not so reliable. In some shops 
east and wrought chaplets are used very extensively. The 
cast-iron ones are the best to use on castings that require to 
be finished, as the melted iron adheres to them better than 
to wronght-iron ones. In some cases where castings are 
finished, the chaplets cannot bo seen. 

Cfast-iron chaplets can be made of any shape or size, and 
used in castings from y up to 3" thick, but care must be 
taken not to set them where the gates will cause the iron to 
run against them as they melt very readily. 

The cuts Noa. 1, 3, 4, 5, 6, and 7 show a class of 
wrought and cast iron cha]>lets that are very handy for most 
classes of work. No. 1 is a cast-iron chaplet that can be 
made very readily from |" to 1" diameter, and of any length 
required, Tliey are made by mmmiiig up a deep flask having 
a level joint, and after the cope is o£f, bedding in the heads 
and driving down the long stem any length wanted. They 
should be notched ' ~ ■'•••/•]i sJdc before knocking 

them off, ftf iw the surface of the 

casting 
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No. 5 is a double-headed chaplet, used particularly on 
loam aud diy sand work, A pattern will be required for 
eacli size wanted. 

No. 7 shows a cast-iron chaplet and stand ivhieh is very 
bandy for loam, dry, or green sand moulds. The face of the 
stand JTia set against the pattern and rammed up, or built 
up in the brick-work. The only objection to using this 
stand isj that it ffill chill the casting, for which reason the 
stand should not bo set on castings that require to be hard 
iron. These stands are better if cast solid, and the holes for 
holding the chaplet drilled out. When setting the chaplets, 
if they are too long, break off a piece, and if too short, fill 
up the holes with sand. Iron flasks for special jobs often 
have holes drilled in the bai-s to hold chaplets, whereby much 
time and labor is saved. 

No. 3 is a wrought-iron chaplet, having a large double 
head riveted to the stem. This is safer than having only a 
single head riveted on, especially for lai'ge cores that have a 
heavy lift under them. 

Some blacksmiths can take a nut, and by putting a 
shoulder on the round stem, weld the nut on, making ahead 
on a chaplet 3 or 4 inches broad, which is safer than a head 
riveted on over a small shoulder. 

Chaplets that do not I'eqnire very large heads can be made 
cheaply in a machine for heading bolts. 

No. 1 is a double-headed wrought-iron chaplet, having a 
sharj) stem, to be used on loam and dry sand work. The top 
head is riveted on, and the lower one ia made to slide up on 
the stem to a shoulder, which is filed to make the chaplet 
the size wanted. 

No, G is a spring chaplet made from hoop, sheet, or plate 
iron, bent with tiic grain of the iron. This is very handy 
for placing between cores where it would be bard to make a 
stiff chaplet stay. Sometimes these chaplets have their ends 
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bent inwai*ds so as to come in contact with each other, thereby 
making a stiffer spring chaplet. 

As regards the size of iron for making chaplets, the 
moulder must use his own judgment, as different castings 
require chaplets of various sizes and strength. Chaplets are 
a very important feature in the manufacture of castings, and 
are always an eyesore to look on, as they disfigure castings 
more or less. A good moulder will use as few of them as 
possible. 
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LE/VVING RISERS OPEN OR CLOSED ON 
LOAK OR BRY SAND MOULDS. 

AuoNO loam moulders and shops in the practice of cast- 
ing loam moulds, the question of whether the risers are to 
be left open or closed seems to have been establiahed more 
from custom than from any thought upon the subject, 
The custom of one shop is to cast all loam moulds by 
having the risers open ; another shop would not per- 
mit such a thing, and it bus often been a matter of tliought 
whether such customs did not prevail simply because it 
was the practice of other moulders. There is no doubt 
many moulders leave risers open or shut after careful 
thought and study upon the subject. In giving their 
views, it is possible some may differ ; but if they do, 
will i-esutt in their giving thought to the subject, and 
acting blindly. 

When iron is poured into a mould whicJi has all the rii 
closed up tight, the air in the mould is compressed, 
dropping luto compressed air cannot drop with such a 
fall as it would if there wafi no compression ; and iron 
ning into iron, having a pressure of air iipon it, cannot 
BO fast as it would, if there were no pressure. 

Compressed air in a mould will often prevent its Ecabbi 
and the surface gnsea from coming inwards. These facts 
seem to give good and sufficient reasons for drawing the fol- 
lowing concluBiona : when iron ia poured into a loam mouldy 
fromtho botto'^- ' ''«8t in thin eastings 
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have the risers open. This will allow the iron to rise up 
more freely and faster. Whenever a mould is cast open, the 
area of a riser or risers should be large enough to permit the 
air to pass off freely and without a noise, it is often best, 
when the iron is on the dull side, to leave the riserB open, 
OBpeeially in such castiugs as steam cylinders, etc., which 
iiave many cores in them. The cause of blow-holes in the 
upper portion of such eastings haa arisen from the dullness 
of the iron not giving eollectod. guses or air a good chance 
to escape through it. When a mould is burnt very badly, 
it is better to keep the risers closed, as there will be a com- 
pression against its surface, instead of a laxity and rushing 
upwardness of blasts of air and gases. When pouring a 
mould by dropping the iron from the top, its fall and cut- 
ting actions will be made easier upon the moulds by having 
tlie risers closed ; for such eastings as rolls, epindlcs. or can- 
non, risers heads are generally left open. It may sound odd 
to some moulders to read such an expression as the drawing 
down of loam or dry sand covering piatcs or copes ; but the 
writer has seen the cope surface of anvil block castings all 
covered with what the moulders called Ecabs. And to pre- 
vent them, they used different mixtures of sand or loam, 
and all to no purpose. They were then told if Ihey would 
close up their feeding riser heads, so as to allow no air 
or gas to escape, the trouble would be stopped ; but the ad- 
vice was laughed at, and it was not until they saw it prac- 
ticed and the results obtained from it, that they believed 
loam and dry sand copes could be drawn down. It is not 
very long ago a certain foundry had some heavy fly- 
wheel to make, and the rim being covered over with a loam 
ring, the cope jtart would be all drawn down, so a remedy 
wafl sought for, and it was not until the risers or feeders 
} made air-tight, and the joint also, that good wheels 
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A flat cope surface of loam or dry sand, when exposed to 
the direct heat of a rising heavy body of iron, will be 
drawn down upon the same principle as green sand copes 
are drawn down, and any one who doubts the truth of this 
will be convinced sooner or later of its correctness. 
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BESEEVOIRS AND LADLES FOR POURING 

HEAVY CASTINGS. 

When pouring heayy castings there is usually a feeling 
of suspense and anxiety experienced by all interested. It is 
in the few moments that the moulds are filling with iron 
that the work of weeks, perhaps months, is tested. The 
least neglect or wrong-doing in the consti*uction of the 
mould may make the pouring unsuccessful, thereby involv- 
ing a loss of hundreds of dollars. The moulders that this 
class of castings can be trusted with are few. They must be 
long-headed, cautious mechanics. In some cases a man 
that is not a thorough mechanic may, when the work is 
planned and laid out for him by his foreman, be trusted 
with large responsible jobs, if he is a steady, thoughtful, and 
cautious man. When a mould is being poured, should any- 
thing go wrong, it is very rare that it can be remedied. 
There is but one trial for a mould, and during the pouring 
there is no such thing as waiting a while to fix the part that 
is wrong. 

In the engravings is shown a ladle calculated to hold ten 
tons of iron ; also the construction of a reliable reservoir for 
receiving and holding large quantities of metal, until enough 
is melted to pour a large casting. 

When melting iron for very heavy castings, cupolas and 
air furnaces are generally used. From the air furnaces iron 
spouts or troughs connect with the reservoirs, so that when 
all the iron that has been charged up is melted down and 
found to be of the right temperature, the furnace is tapped 



I 



S36 RESEBVOIJiS AND LADLES. ^^M 

out and tlie iron let run into the rcBenoir. At the same 
timo the cupolas will lie in blast, and the melted Iron con- 
veyed from them to the reservoir in crane ladlee, until by 
measurement there is found tu he enougii iron in the reser- 
voir to j>our the casting. Then the iron ia let run from the 
reservoir into the mould. 

There are several ways of constructing reservoirs for hold- 
ing iron. Sometimes a lot of pig iron can he built up in a 
circle to fonn a green sand reservoir. The pig iron gives u 
hacking to the green sand, preventing the reservoir from 
bursting. TJnder such green sand reservoirs it is best to have 
a coke bed, and, to form an outlet, loamed plates can be used, 
having the pig iron placed on each side so as to form a slide 
for the plate to work up and down in. The pigs must be 
protected from tlie melted iron by green sand. To form 
the bottom of the outlet, there should he a dry sand core 
used, to prevent any washing away when the iron runs 
out. 

In making such reservoirs the sides are built up with con- 
siderable slant, so as to make the bottom smaller than the 
top. This gives strength to the bottom, A sheet-iron curb- 
ing would answer the same jmrpose as the pig iron, and 
would be better for green-sand reservoirs from 4 up to 8 feet 
mean diameter. 

For more than 8 feet it is safer to make a reservoir as 
shown in the engraving, in which E, E, are iron plates bed- 
ded on a solid flooring ; P is a boiler iron curbing, the 
plates being screwed together with bolts. Inside of this 
curbing is sand, rammed solid, and on the top of this solid 
foundation a stout cast-iron plate, Y, is bedded. To this 
plate Y, is bolted the reservoir curbing, as shown at B. For 
very deep reservoirs this angle iron should be one continu- 
OUH ring all around the bottom of the curbing. It can he 
made of cast iron or of boiler iron. It is not necessary that 
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the bolts shonld be very close togotbev. If tbe angle iron is 
heavy, bolte from 3 to 4 feet apart will answer. 

For an outlet, a tapping liole, S, similar to the tapping 
hole in a cupola, may be made, the only difference being in 
the stopping used. 

In Btojjping up a cupola tapi>ing hole clay is generally 
used, anil the tapping out is all done with bars ; but in the 
tajiping of u resorvoir it is only once done, and if the tap- 
ping hole is entirely stopped with clay, it will get baked so 
hard as be likely to cause trouble. 

About the best way is to fill up tbe tupping liole with- 
sharp sand wet with clay wash, and then in front of the hole 
lay a piece or two of pig iron, so as to make sure of holding 
the pressure. 

When all is ready to run the iron into the mould, remove 
the pieces of pig iron, and with a mason's trowel dig out the 
sharp sand {throwing it away bo that it will not ran into the 
easting), nntil the sand looks red-hot, which is a sign thai 
there is not much thickness of sand left. Then, with a sharp 
bar, the iron can be tapped out withoutanydangerof knock- 
ing in the breast or of making the tapping hole any larger 
than wanted— a danger that always exists when the tapping 
hole is stopped up with clayj or with any substance that will 
bake hard. 

AsregardHthesiKQof the tapping hole, it should be smaller 
than the runners that admit the iron into the mould, espe- 
cially so when tbo casting is run from the bottom of the 
mould, for the iron in tho reservoir has u head pressure to 
force it out, while tho free flowing of the iron into the mould 
is retarded hy tho friction of the gates and runners. Also, 
as the iron rises up in tha moidd, the slower will the flow 
be. 

Anothevplan for letting out the iron is shown at K, T, T, 
Here the outlet is made on tlie principle of a damper and 
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slide. T T are slides that are secured to the curbing. K ia 
a cast-iron damper, or plate, having prickers cast oi 
this side being daulred and finished up with loam, and dried. 
The damper is then set in its place, and whatever open apaee 
there is left between the elides and damper is filled up with 
loam or stiff blacking. This prevents any leakage of the 
iron. When all is ready tJie damper can be raised as wanted 
by i\ lever or with u crane. The iron will then flow out 
through the opening as marked by the dotted lines at A. 
Should tlie iron come out too fast the damper can be knocked 
down 80 as to sJiiit up the opening A, as desired. 

These reserToirs are sometimea used for the purpose of 
making sure of having the iron well mixed. In making 
very heavy castings, the iron is sometimes molted in u num- 
ber of furnaces or cupolas, and the iron as taken out into 
separate ladles is seldom alike in quality. K a casting is 
poured from the ladles there will not be a uniformity of 
iron throughout the easting. If instead of this all the iren 
is first collected in one mass, there ia a good chance that 
the grade will be uniform throughout, which for many 
castings is a very important consideration. 

Some foundries have lai'ge, deep tanks, made to hold 

from 10 up to 30 tons of iron. These are made of boiler 

iron, similar in shape to a crane ladle, but of simple and 

inexpensive construction. When there ia a heavy casting to 

be poured, these tanks will be set upon solid blocking, and 

the iron will then be brought from tbe furnaces or cupolas 

Ljn crane ladles and poured into the tanks. When the tanks 

[Arc full, or have enough iron in them for the purpose, they 

tare tapped from the bottom of the tank. These tanks are 

tgeneniUy lined up with fire-brick, and are kept in some 

(art of the shop where they can be hoisted by cranes and 

placed wherever wanted. 

Sometimes these tanks have trunnions and under-stiajis 
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Tasbened to them, and instead of supporting them on block- 
ing, the tank will be held up by haying the trimniona rest 
on strong iron lioraes. 

Thero are generally spouts or troughs used, aa shown at 
D, to convey the iron into basins before it eutera the mould. 
These troughs are generally made of csist iron, daubed up 
with loam and dried ; when there is a long run required, the 
troughs are united, as shown at W, aud the joints are daubed 
up and dried with hot irons or fire. 

The basins used to receive the iron from the reservoirs or 
tanks should be made large, so aa to give a good chance to 
regulate for fast or slow flowing of the iron. Such baaius 
are the bettor and safer if made of dry sand or loam. 

Pig beds ai-e usually made to receive the overplus iron, of 
which there should always be some in order to insure against 
pouring the casting short. 

Sometimes reservoirs or tanks are naed in connection wiih 
crane ladles. In tliis case pig beds will seldom be required, 
for the iron in the tanks or reservoirs can be so calculated 
as to make it sure that it will be all needed, and then the 
iron in the ladles can be poured out until the mould is filled 
up, at which moment the pouring can be stopped and the 
ron left in the ladles can be used to pour some lighter cast- 
ng with, thereby saving the cost of melting a lot of extra 
iron, and the labor to handle it twice, saying nothing about 
the mess a lot of iron makes when poured out on a foundry 
floor. 

Sometimes castings are run directly from the air furnaces 
without using any reservoirs or tanks. The iron will run 
along through spouts or troughs into a basin, and from the 
basin into the mould. A branch trough is arranged, so that 
when the mould is full, by raising an iron shute the surplus 
iron is allowed to run into a pig bed. 

Often there will be twu or tliroo castings poured directly 
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air furnace. One is first ponred, and then an iron 
raised, and the iron made to flow into the second 
mould, and so on. When arranging these branch trough 
'to pour two or three caatinga at one tupping, the main 
trough Z> must have more or less of a fall to it, according 
to the length of the run, and the first casting to be poured 
should be connected with the liighest branch, No. 1. To 
pour the second casting, the upper sbute, after the weights 
are taken off, is hfted up, and then the iron flows down into 
branch No. 2. The hroncli No, 1 is then closed up by using 
an iron stop, as shown at F, and by shoveling in some sand 
and putting in pieces of pig iron at the back. After all 
the moulds are full, the surplus iron is run into pig beds, as 
described. 

The ten-ton ladle shown was copied from a tracing loaned 
by a friend, Mr. JuJin T. Sloney, a moulder, and superintend- 
ent of large experience. The ladles tlius made hayc giTen the 
best of satisfaction as regards durability and easy workiog. 
"" "ieasurementa are given to assist any one who may want to 

,i!d a first-class screw ladle for carrj-ing up to ten tons of 

For a fifteen-ton ladle it would be safer to have the 

parts enlarged. In building ladles, the top diameter and the 

depth are generally made the same. Taking this for a rule, 

";e following figures will show the capacity and sizes of 

les usually wanted in a foundry : 

CBAKE LADLE3. 
Top Diam. Bottom Diam. Depth. Capacity. 
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I iron ^1 

>cond ^1 

lughs ^1 

main ^| 

rding ^ 



46" 


40.1" 


4r." 


ie,870 


41J" 


38" 


41J" 


12,000 


37" 


32J" 


37" 


8,805 


30" 


zcr 


30" 


4,680 


24" 


21" 


24" 


2,395 


19" 


10!" 


19" 


1,190 
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FAND LADLES. 

Top Diiim. Bottom Diam. Depth. 

11" 9i" 11" 

9" 7i" 9" 126 " 

TliG foregoing figures represent inside measurements of 
ladles when lined or daubed up ; so tiiat, if the ladle is to 
be lined up with fire-bricks or clay daubing, the thickuess 
of the bricks or daubing to be used must be added to tlie 
diameters and depths given. To test the amount a ladle 
will hold, can be told by filling a ladle full of water, and 
multiplying its weight by seven (the approximato specific 
gravity of molten iron). 

For lining up reseiToirs that are only intended to be used 
once, common brick can be used, and on the surfaces ex- 
posed to the liquid iron a coat of loam rubbed on, as shown 
by the heavy dark line on the surface of tlie bricks. After 
the bricks and loam are well dried by fire, a good coat of 
blacking is applied to the surface of the loam. 

Toline up large crane-ladles, or tanks, fire-bricks are used, 
as shown in the cut of the ladle. The angle irons sliown are for 
holding the brick or the clay daubing, although some foundry- 
men will not use them, thinking themmore trouble than service. 

For daubing eight down to four-ton ladles, fire-brick are 
generally used for the bottom, and on tlie sides a stiff clay 
daubing is used. 

Below four tons, clay daubing is used on the bottom as well 
as on the sides. Tlie thickness of clay on the bottom is 
from 1" up to 3J", and on the sides the clay is thicker at 
the bottom than at the top, running from ii" to 1". For 
email hand ladles, the thinner the daubing can be used the 
handier the ladles will be. 

It is not the thickness of the clay or daubing that is to be 
depended on so much as it is the being snre that all the 
cracks in the daubing are well closed up. and that the clay 
is of an equal thickness all around the ladle. 
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f CABBING OP GREEN SAND, DRY SAND, 
AND IXIAM MOULDS. 
Vky aectiou of the mould that is covered in four or five 
onda with a body of iron ubout two inches tliiek can be 
rammed harder, and wdl require less venting, than if it took 
a longer time to get this body of iron over it. The thicker 
the body of iron, the more the air, steam, and gases are 
forced to escape downward through the vents and sand- 
Wherever a scab is seen on a' casting, it is certain that the 
iron bubbled and boiled at that point when pouring. 

There must he a bubble before there can be a scab. The 
bubble may be caused by hardness, closeneas, or wet sand. 
The WGt sand causes steam to be raisofi, and for i-eleaae it 
will follow the direction of the least resistance. The same 
result will follow from hard ramming or closeness of sand. 
The air and gases cannot escape fast enough thi-ough the 
vent and sand, so tliey lift or escape through the surface of 
the mould and through the iron, causing bubbling and 
scabbing of the mould. 

Tliere are instances in easting where the lower part of the 
mould is filled ([uickly, and as the rising iron comes up. it 
has to cover over a large surface i)ro]eetion, or green sand 
cores, from whicli point upwards the casting is a solid body 
of iron ; therefore the iron does not rise so fast in this sec- 
tion of the mould, thereby causing the top surface of a green 
sand core or projection to be slowly covered with the i-ts- 
ing iron, wliich will cause such parts to scab very easy, if 
le greatest care and judgment are not used. 
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For Bucli cases it is a goo<l thing to mix some sharp Band, 
like lake or bunk sand, in with the moulding sand, using 
this miicture as a facing sand. For the top surface of a pro- 
jection or core, a mixture, Buch as one part of lake or 
bunk sand, mixed with two of -mouldiiig sand, will allow 
the surface to be firmly rammed, and still i>e open enough 
to allow the rising iron to quietly lay on it, no matter 
how long it is before a pressure or body of iron is raised 
upon it. Projections or cores in a mould generally need 
to be rammed and rodded well, and arc the parts that 
need the greatest care. It is also important to keep all 
risers and feeding heads closed air tight, as, when tliey are 
open on this class of work, the air rushes out, taking the 
pressure of the air and gases off the surface of- the pro- 
jection or cores. As the lower part of the mould fills up 
first, the gases and vent from it will be drawn by the escap- 
ing current of air through the risers. This combined cur- 
rent, in escaping, lifts or starts the surface of the projec- 
tions, and when the iron comes up to it, the iron fills up all 
the vent holes and sets the mould blowing. A hlowing 
mould from this cause is a dangerous one. In some cases 
it will not stop until all the iron is blown out of the mould. 
The above are a few of the nianj' reasons for lost and scabby 
castings in green and sand moulds. 

As regards gcabbing in loam and dry sand moulds, the 
first and greatest cause is in not having the monid well 
dried, as the steam generated in process of easting acta on 
this class of work in the same manner as it does on green 
sand work. The only difference is, that sometimes the loam 
or dry sand buckles, or is jmshed out into the molten iron. 
This buckling ia cansed by confined sieam, gases, air, or 
some kinds of close sand. The huekling in such cases is 
not like a green sand scab. AVhen the casting ia taken 
from the sand, a few blows with a hammer upon the i 
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bed spot will cause the lumps of sand to fly out^ leaving 
holes in the casting. In the case of a green sand scab, the 
sand is generally found in some other part of the casting. In 
loam or dry sand there is not the amount of air or gases to 
be carried off by vents that there is in green sand. It is 
only in pockets, corners, and under flanges that it becomes 
necessary to carry off vents directly. With a mould well 
dried, and the loam, saiid, and blacking mixed in the proper 
proportions, there is very little danger of scabs. Having 
had about an equal practice in the three branches, I can 
safely say, that green sand work, so far as scabbing is con- 
cerned, is the most difficult to contend with. Little does a 
looker-on know of the unseen injury to castings which a 
moulder can do by ramming the different parts of his 
mould too lightly or too heavily. 
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CONTRACTION AND CRACKING OF 

INGS. 



The query of why o, casting cracks, is generally 1 
Upon as 11 conundrum ; at least the diflerent answers to the 
question, and the different theories on the subject, would 
lead one to think so. There are very few things about a 
foundry that seems to bo bo little understood as the con- 
traction of iron wlien cooling. Pew appear to know 
whether there is any diflerence in the contraction of thin 
and thick castings, hard or soft iron. Is the contraction 
of iron gradual, or is it tme tliat castings have little or no 
contraction vertically, as is thought to be the eaeo by a 
writer on "Why don't Castings Shrink Vertically ?" in 
the Anlericmi Machinisf, March 26, 1881, and signed 
"Moulder." 

The writer of the article referred to will please excuse 
me for not noticing it before. My only excuse is that I 
was waiting to see if some one else would not answer it. 

My opinion is that castings do shrink vertically, which 
opinion is bonic out by experience and by practical testa 
which I have made. 

Not long since I had two patterns made, 54" long by 
one inch square. These patterns were moulded in two 
flasks. One flask was snapended so as to cast the mould 
Tertieally, and the other was cast horizontally. When 
mouldings the one that was to be cast vertically, care was 
taken to ram it so that there would be no straining on the 
flidea, and to prevent the lower end from steaining there 
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was an iron cliiU rammed firmly up against the end of the 
pattern. These two flasks were cast out of the same small 
ladle of iron. If "Moulder" will try his theory hy the above 
practical test, he will see ivliethcr it is not correct, for ho 
will not be ahle to tell, so far as the contraction 
cemed, which of the castings were cast vertically. Thia ia 
aa fair a test as could be made to determine whether cast- 
ings contract vertically or not. The moulder may say Jio 
liaa measured castings that have been cast vertically, and 
found no contraction. This may be all ti'uc enough. 
There are lots of castings thus made which will measure 
longer than the pattern. So also many castings cast hori- 
zontally have been found to be larger than the jiatteni. 
Again the question could be asked, " What is the cause of 
this?" to answer which it can he said: "The straining of 
moulds." 

A moulder or pattern maker that has had experience in 
making heavy rolls will, or should, always make the lower 
end of !i swept mould, or tJie pattern, smaller than the end 
that is cast up. How much smaller will depend on the 
length and body of the casting. The difference will vary 
from ^ up to I of an inch. 

I have seen a rolling mill boss come into a foundry with 

snch fire in his eyes that the poor moulder has trembled 

all over when asked, "Why in the name of common sense 

he could not make the lower end of his rolls the same size 

! the upper end, and not have the wabbler so much too 

■ 'large that it would take a good chipper a week to chip it 

Tflo ite to have the coupling that goes easy on tho to]> end fit 

rthe bottom end ?" 

That castings contract vertically has often been proved in 

making rolls. I have seen the upper wabblers cracked and 

Jlnlled off from the neck of rolls, from no other canac than 

I) contraction of the caating, and the carelessness of the 

11* 
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moulder. That is, when feeding up his roll with hot iron 
to supply the shrinkage, he would let a flange fonii on top 
of his feeding head, so as to come out and rest on the iron 
flask or boxes that are used for forming the feeding head, 
and when the cooling crust commenced to contract it was 
held up by this flange. Of course it formed a crack or 
breakage in the neck, or wabblers, because the half molten 
metal was not strong enough to lift up the whole roll from 
the bottom of the mould. 

In moulding eastings that are cast TCrtically there is gen- 
erally more or k-ss straining of the bottom portion of the 
mould, which in many cases cannot be avoided. Loam 
and dry sand moulds are strained more or leas, tut of course 
not so much as gi'een sand moulds. To know whether a cast- 
ing has contracted vertically or not, it is necessary to take 
exact measurements of the mould (not the pattern or sweep}, 
as there is often a difference between the mould and the 
sweep or ])attern. 

After the casting cornea out, compare the moasnring rod 
or stick with it, carefully note and allow for evident strain- 
ing. I think it will be found that the casting has con- 
tracted as much vertically as it would horizontally, wwe it 
possible to have cast it so. There are often castings poured 
horizontally that, if measured, would not only show no con- 
traction, but would be larger than the pattern they were 
moulded from, especially if the castings were heavy. 

Cores will sometimes greatly prevent the free contraction 
of a casting. Sometimes light proportioned castings, having 
cores surrounded with metal, will crack, from there not 
being body enough of irou to press the cores together. 
"When iron is run all around cores, and the thickness of 
iron is over one inch, the cores will expand so as to force 
iron up through thefeeding heads, risers, and pouring gates. 
Should the tops of the gates get frozen soon after the mould/ 
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is poiired, bo as not to allow the expanded iron to comc out 
throngli the gates, the iron wJU pi'esa againat the sides mid 
Biirfacea of the mould, forcing them outward, and when the 
castings come out, they are sometimea found to be larger, 
or as large, as the pattern ; thus showing, aa far as measure- 
ment ia concerned, that there lias been no contraction. 

The purer or better the grades of iron, tlie less contrac- 
tion there is. Kcavy bodies of iron contract less than light 
ones. The more contraction in iron the more liable are the 
castings to crack. Castings having light and heavy parts 
combined or connected always have a strain on them ; in 
fact, there are very few easthiga made but have more or less 
of a strain upon them. 

Pattern makers usually allow the same shrinkage on all 
castings. If they wonld make a small piece the same size 
as some part of a mould to be jtoiired, and have the piece 
moulded and poured from the same iron and at tlio same 
time the main casting in poured, they would find tliat gen- 
erally tlie iron contracts differently in the two cases. 

The moulder, when drawing these test pieces, must be 
very careful not to rap them end-ways. 

It is not the pattern makers that are to blame for the 
prevailing ignorance of the different contraction of iron in 
light and heavy castings. It is the foremen and proprietors 
of the foundry, for allowing the pattern maker to nse the 
Kime shrink rule for every pattern he makes. 

When a casting comes out too large, the first tiling that 
is thought of is to swear that tlie pattern maker has made 
the pattern too large. When it is measured and fonnd to 
be right, they come to the conclusion that the moulder has 
let his mould strain too much, which is an admirable comer 
to crawl out of. 

If propnetors of foundries would order their foi-emen, 
lir pattern makers, to take measurements for one 
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month of all tlic different forms of castings that they may 
he called upon to cast, at least all that are large and of dif- 
ferent proportions ; also, during this month's experiments, 
make test bura of all the different, grades of iron that are 
used in the foundry, and after making note of their con- 
tratiion thon try 
their tensile or break- 
ing strain, something 
would be learned. To 
do all this requires no 
great labor or time. 
I Monlders that take an 
I interest in their trade 
i could, whenever they 
niako a casting of aiiy^ 
note, test the contra 
tion and keep a reeoi 
of ex]}eriments thu 
would be valuable. 

The moulder or paH 
tern maker is not i 
ways responsible 
the bre liking o 
ing of a casting. Tha I 
designer or draughts- 
man often designs 
forms that the best 
of iron and manage- 
ment would not pre- 
vent from cracking. Sometimes castings will stand in the_ 
shop for weeks, and even months, and, to the snrprise of a 
will then crack. 

Not long since I had oecasicn to cast a bar i" X 9", a 
14 feet long. With the same i/iuility of iron least a t 
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^1^ exactly the sume length, and {" x 2", butli of which 
Iiiw shown at V and D. The contraction of tlie thick har 
was only 5", while that of the thin one was I'f, or a differ- 
ence of J". This gives some idea of the etrain that ia 
always in castings that are not made of proper proportion?, 
and also bIiowb the dilTorcnce there ia in the contraction of 
thin and thick bodies of iron. These simple teats are such 
OS any one can make. 

To test the differeneo of strength between a casting 
poured with hot iron imd one poured with dull iron, I made 
two bars, and poured one with the iron hot, and then stir- 
ring and mixing up the rest of the iron with a rod (so as to 
work up the impurities in the iron to the surface), until it 
was as dull as would run with safety, I poured the second 
one. The next day I took the bars, and resting 'i" of each 
end on a good, solid iron bearing — the one that was 
jwured with liot iron flrst — commenced by putting on 50 
])ounds scale weights in the middle of the bar. Eight 
50 pounds' were piled on, but before the weight of the ninth 
one was all on the bar broke. 

Now, taking the bar that was poured with dull iron, 
the whole nine weights were piled on, and an additional 
CO pounds' weight, the whole resting on the bar abont 
eight seconds, when it broke. That is, the one poured 
dull broke with 510 pounds, while the one poured with 
hot iron broke with a weight of between 400 and 450 
pounds. The size of tliese bars waj 1" square and 4 feet 6" 
long. 

Often a man will go to a foundry to get a bid on some 
plain plates, and thinking that the foundry man will put 
poor iron into them, he will ask for a low figure. He gets 
his low figures ; also gets the poor iron in his plates. Com- 
Dion plate castings require as good iron as the common run 
E machinery castings ; in fact, there are very few castings 
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made but should have fairly good iron put into them, 
the exception of such pieces as sush weights. 

Often plates are made with holes to lighten them, or 
some special purpose. When holes lu-e made in cai^tings for 
lightening them, the castings will he stronger for having 
the holes round, oblong, or oval, instead of having them 
square. Sometimes, when squiire holes are made in cast- 
ingaj they will crack, as shown at P ; whereas, if the corner 
is rounded, as shown at A, it will not crack. A heavy rib 
X, cast on to atrengtJien square holes, will sometimes do 
more harm than good, as it causes a strain by making tlio 
casting disproportionate. 

I liave seen castings having on them heavy projections, 
flaugss, or ribs crack, tliat, were they cast without these 
parts, would stand a great IJow or weight ujion tliem before 
cracking or breaking. Cracks generally start from Bome 
thin or sharp corner, and, when once started, run through 
the entire body of the casting, the thick portions offering 
no more resistance, apparently, than the thiu. A moulder, 
when making a new casting, should study the points or 
sharp corners that will be subject to strains, or dispropor- 
tionate contraction ; and, if poflsible, have the sharp cor- 
ners made rounding, and the thin or thick portions made 
heavier or lighter. Should he l>e told that it will not do to 
change, these parts, he then, should the casting crack {pro- 
viding that he has done all that he could to uniformly cool 
it), is not to be held responsible. Often eastings crack that 
woulil not, had the heavy portions been expoKcd to tlie air 
as soon as they would admit of it. 

Some may say, with better iron the castings would not 
crack. This is all true enough in many cases. A good, 
strong iron, having very little contraction about it, would 
almost make a surety of nnaking a casting of extreme pro- 
portions witliout liability of cracking; but this is not 
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f kind of iron we usually have to deal with. Of courae the 
pig-iron merchant tells us his iron is possessed of all these 
qualities, and, not having means of knowing till we buy a 
car load or bo, which ia never found better than recom- 
mended, but which on band must be need. 

The best brands of iran that can be had will never have 
two shipments alike. The trial lot may be very fair, on the 
strength of which you may muke a large order, which, 
when received, will very seldom bo as good as the first. 

The cut shown of a fly-wheel, having the hub split be- 
tween every arm, is a good plan to adopt when making 
large pulleys, fly-wheels, or gears having cast-iron arms. A 
wheel made in this way can be relied on. Each nrm being 
a separate casting by itself, when it contracts it is free from 
any strain or pull, as is the case when the hub is made in 
one solid casting. Castings ma,de this way are banded with 
wrought ringa, and tije opening in the hub filled with 
babbitt. 

When a wheel of any description has cast-iron arms, rim^ 
and hub all one piece, there is generally a strain on the 
arms or rim of the wheel, in extent depending on the pro- 
portion of the rim and arms. If the rim is light and the 
arms heavy, we may look for a cracked rim, caused by the 
thin rim contracting faster and more than the arms. Again, 
the arms will be the part to crack, caused by the rim being 
too heavy. In either instance this generally happens while 
the casting is yet hot and in the sand. 

In the eaae of pulleys, etc., having the arms crack after 
the casting is taken out of the sand, we have a more com- 
plicated state of affaire to deal with. In pulleys having 
rheavy arms, compared with the rim, we often see the heavy 
I wrms cracked, the light rim rcmiiining whole. In looking 
t snch castings it will be observed that the hub is heavy 
a proportion to the arm.3 and rim. TJiis hub is the last 
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portion of the pulley to become solid ; the rim,, being Hglit, 
has become auliil, aucl is alrettdy contracting, driving before 
it the half-molten arms iuto the jet liquid iron in the heavy 
hub. When the hub solidifies, it contracts, polling with it 
the arms, causing a strain, which, when the pulley gets a 
slight jar, will make the arms craek at the weakest point. 

The same principle is involved in light-armed pulleys 
as in heavy ones ; that is, so far as the heavy hub is con- 
cerned. 

When there is a heavy hub required, it should be cooled 
as soon as possible by stripping around it, taking out the 
core, and cooling with water. 

Above everything, aa regards the contraction and crack- 
ing of castings, we should not forget that a thin body of 
iron will contract more than a thick body, and, whenever 
there is a casting formed disproportionately, there is ulwaja 
more or less strain on some portion of it. And also massive 
castings are subjeet to exterior and interior strains, as will.- 
be seen by the following diecuasion: 

The question is asked. Why a heavy body of iron will 
eonti'act as much as a light one ? 

Knowing such to be the case, it must also be acknowl- 
edged that there must be a cause, and as this is one of those 
subjects that practical tests can very seldom bo applied to, 
the following tlieory is presented: 

When castings cool, some of their parts always cool faster 
than others, and the parts that cool the first are the exterior 
or ootward portions. Often there are castings cooled 
solid on the outside, while the inside portion is jierhaps 
in a molten state. To discuss tiiis question we will f^ke the 
size of the castings shown in the cut, one being 4" X 9", 
and the other J" x 2", the moulds for each being 14 feet 
long. These were cast with the same iron, and at the 
1 time. Now let us watch the process of cool' 
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The light one soon commences to cool, and we see it con- 
tracting. The outside portion of tlic thick casting com- 
mences to cool, and endeavors to contract also, but it 
cannot. We look at it to determine tlie reason, and 
inside this cooling crust we know tliat it is very hot, and 
the furtlier towards the center we go the hotter we find it. 
The inner portions of tliia casting we know are not yet in 
a state to contract as fast as ttie outer portions, and when 
a easting becomes entirely cool its contraction ceases. In 
this casting some parts may become cool, and still all parts 
not have contracted as much as the nature of its iron 
requires. There is a certain amount of tensile tiualitiea 
about iron that permits its molecules or particles to be 
stretched to a certain limit, and when this limit is exceeded 
the result is a cracked casting. 

Returning back to the cooling casting, we find that the 
slower interior cooling iron will not allow the faster exterior 
cooling iron to contract as much as it should, according to 
the degree of heat it has lost, and by this cooling pi-ocess 
we have the exterior portion of the casting contracted 
by forces which hold it back from contracting as much as 
lit should. Now, when the interior portion contracts, it 
finds the same resisting forces to prevent its natural con- 
'traction, the exterior having lost most of its heat, and 
therefore having contracted about all it can, will not permit 
the interior to contract any more tiiaii the exterior; and 
one holds back, so does the other, and the result is 
,t the J" X 2" casting, not having these conflicting forces ■ 
contend with, contracts about all that the grade of iron 
[j^mposing it naturally calls for, while with the thick cast- 
ing, 4" X 9".. we find the contraction just about oue-hulf of 
what it should be if it had been as free to contract as the 
light casting. Often when looking at solid massive cast- 
cracks are seen running from 3" up to 8 ' long, and 
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about l" deep ; these cracks are usually in Gliarp angles, and 
their origin can seeniingly be attributed to the strain there ia 
uiMjii the exterior portion of the casting, caused by the law 
that apparently governs the cooling of thick bodies. 

Iron, when clianging from a liquid to a solid state, is said 
to become a mass of crystals, which assume different forms 
and sizes, being regulated by tlie length of time the casting 
takes to cool^ and the temperature of the iron when poured 
into the mould. The lines of crj'stallization are vciy seldom 
visible to the eye, except in the cases of chilled iron. In 
castings that are not chilled, tlie lines of crystallization 
depend upon the direction in which the heat passes off the 
fastest, and with the least resistance. In regard to this 
formation of crystals, Mallet observes: "It is a law of the 
molecular aggregation of crystalline solids, that when their 
particles consolidate under the influence of heat in motion, 
their crystals arrange and group themselves with their prin- 
cipal axes, in linos perpendicular to the cooling or heating 
surfaces of the solid." 

Sharp angles, comers, projections, and squares, combined 
in castings, cause them to show lines of crystallization run 
in different directions from some given point, and this 
point, from which the lines 'of crystallization connects, 
appears like a rope with a number of small sta-ings tied on 
it, and pulled by unseen forces in two opposite directions. 
This rope or section of the easting, from which all these 
strings or lines of crystals radiate, is the weak point of a 
casting, and there are veiy few castings so shaped hut that 
many such weak points appear in them, but for the shape no 
one can be fairly blamed. The moulder, even if he thor- 
oughly understands the problem of crystallization of differ- 
ent-shaped castings, could very seldom in practice cool a 
casting so as to cause the crystals to radiate in lines, strength- 
ening tJie weak points, or change them from their natund i 




coiirrKACTioK akd cracking op castings. 259 

course. K there is to be responsibility placed on any one, 
the designer of castings is the one who should assume the 
greater portion of it. But since he cannot always have a 
design made so that the shape of a casting will allow the 
lines of crystallization to radiate, and thus keep them 
in the most compact form, so that the molecules are not 
separated by any unnatural forces, we should be very careful 
how we censure him. These few remarks here upon the 
crystallization of castings are given to cause the interested 
reader to think and see what a great field there is before us 
to explore, before the problem of cracking and crystalliza- 
tion of castings can be thoroughly understood, and that it 
is a subject on which pages might be written. 
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FEEDING AND SHBINKAGEOP MELTED IBON. 

The assertion often made by writers, "that melted cast 
iron expunds at the moment of eolidi Scat ion, so as to copy 
exactly every lino of the mould into wliich it is ponred,'* 
always sounded to me very odd. The word "moment" 
would imply a sudden diyiding line between liqnid and solid 
iron. In molting iron there is nothing sudden from the 
time it leaves the melter'a hands till it is tapped out into a 
ladle, from -which time it cools gradually, the time it will 
take to cool depending on the shape and size of the mould 
that the iron is poured into. The amount of expansion or 
shrinkage will be according to the grade of softness or hard- 
ness of the iron, and the quality of the ores that the iron ia 
made from. 

Soft iron ia open grained, and when melted has more life 
than Lard iron, and may expand some in cooling. Hard 
iron is close grained, melts (|uicker, and has more slirinkage 
than soft iron. Melted iron, when cooling, cools the fastest 
at the bottom of the mould iind at the sides and co] 
faces, which di'awa molten iron from the hottest ( 
tral portion to supply the shrinkage of the cooling ; 
If this central, or last portion of the iron that cools,. I 
not reached with a feeding rod and hot iron to supply t 
shrinkage, the lust parts to cool will be honeycombed i 
hollow. 

There are often castings that eansc explosions ( 
through the thickest, and, as is thought, the strongest p 
One cause for this is that the castings were not fed ii 
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right manner. There are often caatingB that wonJd require 
a half dozun feeding heada tu make all the ports solid, and 
in some cases the designers of muthineiy or the pattern 
makers will have eastings disproportional. so that the thick 
portions cannot be fed, or tlie sliririkago of the heavy parta 
supplied with iron. Such parts would be stronger if they 
were made lighter, and had what iron there was solid, rather 
tlian lieavy, with a honeycombed center. 

The cut JC shows a round die block that waa used in a 
lamp manufactory for jiressiug a composition of metal. 
There had been several of them made, but, being unsound, 
the pattern was taken to another shop. When the pattern 
was shown to me and tlie trouble explained, the first question 
I asked was if tliere had been a large feeding head used, 
and if they were fed well ? I was answered " Yes. " Further 
<|uestiooing showed thatthore were no signs of dirt or holes 
until the casting bad from ^'' to 1" turned off it. I gave 
the job to g, man I knew was not af raid of a hot joh, and saw 
that he got hot iron when wanted. He atnek to it until hia 
rod was driven nji into the feeding head by solid frozen iron 
below it, and I liad the pleasure of telling him that his casting 
was the best and solidost the machinist had ever finished up. 
What the machinist called dirt, or holes in the bad castings, 
was only honeycombed or porous iron caused by improper 
feeding. One moulder will feed a heavy piece of casting in 
half the timeanotherwilltake, and still, to ail outside appear- 
ances, have it solid ; but should the casting be cut up into 
small pieces, it would appear that he did not feed his cast- 
ing solid, as the iron in the part tliat remained hot the 
longest would be liable to show holes or he very porous. 
Take, for example, solid castings one foot iu diameter, 
and let them be cut through the middle, or the outside all 
be turned off imtil they become halls 3" in diameter; itwould 
to say that they would present a very rotten appear- 
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ance, that is, if they were fed as solid heavy caBtings are gen- 
erally. The length of time that it will take for some liquid 
castings to become solid throughout is very often longer 
than is supposed, and in many cases moulders should modify 
tlieir assertions of a casting being fed solid. 

In setting a feeding head on most patterns it should, if 
possible, he set on the thickest portion of the caeting, 
or that part of it ivhich will keep the longest hot. The 
feeding head should bo of such size that it can be kept open, 
with hot iron until the casting is set. In starting to feed a 
casting, the rod sliould bo put in slow and easy, and if the 
mould is-rnt too deep, it should touch the bottom, and then 
be raised up two or three inches, so that it will not be punch- 
ing holes in the mould. Some moulders, when feeding, 
work their rod up and down in the center, and the sides 
freeze up and close or solidify while the iron in the mould 
is yet in a liquid or molten state ; or they will put a small 
feeder on, that will freeze so quickly that they cannot get a 
rod into it, or if they do, it will stick faet, and then they will 
complain of some one for not bringing hot iron when wanted. 
A moulder should seldom make this excuse. He should have 
the feeding rod hot, and the head the right size ; and 
instead of working the rod in the center, work it up and 
down around the sides quickly, so that the freezing iron will 
he pushed or worked down into the casting, and the hotter 
iron in the casting worked up into the feeding head. This 
keeps the head and casting at the same temperature. 

When you do get hot iron, always have a hole worked in 
the head to hold as much as possible, so that it will help to 
cut away the freezing iron on the side of the head, making 
the iron in the head hotter than in the casting. Put in hot 
iron when there is a good chance to get it, and don't call for 
it just as you see the cupohi man going to stop the cupola 
up, or do some other aa sensible trick, as putting in the r 
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SO that it does not go into tlie casting, wiiich lets the neck of 
the feeder freeze. The rod should be kept down ioto the 
ca&tiDg, and let the iron as it treezee at the bottom push it 
up out of tho casting. 

Tliere are often cases wJiere the iron or wooden bars of a 
flask will not admit of a proper-sized feeder. In such cases 
where the bars cannot be readily widened, the feeder should 
be bnilt up in length, to make up for the loss in diameter. 
A small feeder closes quicker and takes more hot iron to 
keep it open than a large one. Large feeding heads require 
less work and attention than small ones. With feeders 10" 
and upwards, as soon as the casting is poured, put in the 
feeding rod and work it around for a minute or two to work 
tho dirt up to the surface. Then take the iron dipper, as 
shown at D, of which a shop should have three or four sizes — 
tlie dished part being about 3" deeper and the handles about 4 
feet long — and dip out the dirt and as much of the dull iron 
as is necessary to make room for one or two hundred pounds 
of hot iron. Then work the rod to mix the hot and dull 
iron, and throw on some blacking to keep in the heat. 
After fastening on the holder //, or a pair of blacksmith's 
tongs, to hold np tho rod, the moulder can rest from ten to 
thirty minntes, occasionally lifting up the rod to see how the 
iron is, and that it is not freezing at the smallest part or neck 
of the feeder. As soon as the neck shows signs of closing up 
work the rod around to' open it and to mix the iron, after 
which dip out some of the dull iron and poor in some hot 
iron, and cover again with blacking. Eepeat this operation 
until the iron in the casting commences to slick to ti 
then the moulder should give it all his atteati 
neck will close up if (be feeding rod is not k 
motion, especiiillv if tlie iron is hard. 

I was at one 1 
work was done, j 
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lowing the failings of some moulders, adopted a plan of 

(ding his large and small rolls a certiiiii length of time. 

iolla weighing about four tons he would only allow to be fed 

minutc'B. It made no difference whether they were 

ired hot or dull. When the time was up the heads would 

filled with hot iron and tho rods worked to open the neck, 

len taken out and the iron covered with blacking. The 

was a good one to accomplish the desired end. 
When a proprietor or foreman thinks that ho hue no men 
who understand feeding, or who will stick to a hot joh, the 
best and surest ]>lun would be to make the feeding heads 
without a neck ; that is, having the feeder the same size 
at the bottom as at the top. Then let the head be cut off 
the lathe, as is done in the manufacture of cannon or 
[faoge guns. In such work the gun is cast from 2 to 5 feet 
~ iger than wanted, the extra length answering for a feeding 

In writing tnia article, tho subjects chosen are eiistings 
that cause trouble from shrinkage, and are good ones to show 
the principle of feeding and shrinkage. 

The cut I' shows a broken pump of tho kind used on a 

locomotive, and when the castings were bored out they 

would be porous and dirty in the heavy section. To remedy 

this they were cast in dry sand, and on end, but with no 

:ter result. The thickness of iron on each side of the 

,vy part is only I", and the heavy part 3" thick. My 

;ention was called to the job, and seeing the trouble, I 

le two or three castings in green sand, and with a feeder 

into the heavy section, as shown. The casting bored 

fiolid and clean. Casting them in dry sand, and on 

TTOuld not make tho thick part sound, as the thin part 

Id freeze before the thick, and the iron to supply the 

^ would have to be withdrawn from the upper and 

portion to supply the shrinkage below ; so that in 

13 
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boring the heavy section the part that was down would be 
solid, and the upper part porons or honeycombed. 

I have often seen castings go out of the foundry that were re- 
quired to stand heavy strains or presBures, which, if the party 
that received them had understood the feeding of melted 
iron and had seen tliem fed, would never have been accepted. 
It is not altogether ignorance on the part of tlie moulder. 
but the desire to get rid of u hiird and hot job, that is the 
main cause of ill-fed eastings. There are very few heavy 
oastinga that are fed so as not to be somewhat porous. In 
such castings as levers, etc., that must stand strains or 
blows, the jioint or section of the castings which has to 
stand the greatest strain ia not generally the point that 
feeders should be put at ; it is better, in ease of a long lever, 
for instance, to set the feeding liead at one end, if the end 
or portion ia thick enongii to be kept in a liquid or molten 
state OS long aa the heavier parts that receive no hot metal. 
Where feeders are set ia generallya point of weakness, as this 
point is not the same grade of iron ; and it ia also from this 
point, on account of its being supplied with hot feeding iron, 
that the other portions of the casting draw iron to supply 
shrinkage ; and if the greatest of care and judgment ia not 
used there is always more or less danger of there being a 
porousness or holes below feeding heads, thus causing that 
part of a casting to be weak. Even when the casting haa 
been fed perfectly solid and compact, the mixture of a 
foreign grade of iron at this point is sufficient to cause a 
weakness. When setting feeders on a pattern the moulder 
should know whether the casting is required to have a solid 
finish, or if strength is required. The close reader am" 
thinker will see that there ia a diflerenee. 
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(URNING OR MENDING HEAVY CASTINGS. 

TuE prineiiilc omplojed in the proeeea herein doscribcd 
!or burning a new neck and wabbler upon tlie end of a 
iirokon cast-iron roll, such as is used for rolling iron, steel, 
Bid other ductile metiils, may, with a display of moderate 
ikill and judgment, be practically applied for burning or 
^□ding a variety of heavy broken caalinga. 

The abject of this process is in mending heavy castings, 
avoid the expense of making new ones, and, if properly 
erfornicd, it is very economiciri, and will save much time, 
abor, and expense. 

, The most essential points to be observed in mending 

savy castings by this process are as follows: The melted 

roil must be very liot, and of a, medium soft <jiiality, for 

e hard iron chills (juickly, and tlierofore does not perfectly 

Kment or unite with the broken surface of the casting. 

, An outlet must be provided to allow the melted iron to 

BCitpe from the mould as soon as it is poured in, particu- 

tj-ly at first, as the hot metal is liable to chill. The hot 

Bctal should fall directly upon tlie surface of the fracture, 

pd, after beginning to pour, a uniform, steady, cutting 

jum of iron should be kept flowing from an elevation as 

In burning the neck and wabbler upon a 

|11, tho larger the roll the more successful will be the opera- 

, on account of the larger surface for the melted iron to 

n or cut into, thus uniting more perfectly. 

lAsa preliminary operation, the roll should be made as 

J posBihle in the foundry oven, after which it should 
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be lowered iiito a hole previously dug in tlie foundry floor, 
keeping the broken end even witli the level of tlie floor, as 
bIiowd in the cngi-aviug upon page 269, after wliich tlic hoic 
ekould be quickly filled witii sand, rammed up solid, pur- 
lieularly ai-oiind the top of the roll. The surface of the 
froeturc should be chip{)ed all over, bo us to break the skin 
of the mt-tal and remove the ruBt. 

The wabbler and neck must be moulded in dry sand, for 
if made in green sand the falling melted iron would cut the 
moulds all to piecetj. Tliese moulds Bhoidd be made in scc- 
tioMS) as shown in the illustration, whei-o 2 represents the 
mould for the neck, and 3 the mould for the wabbler, 
while 4 is for the riser or feeding head. 

The flask 2 has three ])lace8 cut out at the bottom edge, 
A, B, C, which are for openings to allow the melted iron to 
freely escape while the neck is being burnt on. As soon as 
the roll has been securely placed, the flask 2 should be put 
in position, care being observed to keep the opening for the 
neck exactly in the center of the roll, to allow for turning 
up the journal in a lathe. Pigs of iron or olhcr suitable 
heavy weights should be placed upon the Imndles X, X, to 
hold down the flask. If an air furnace ia used in the 
foundry, three basins should be foi-med, one opposite each 
of the openings ^,B, C, to catch the waste iron; but if there 
is no air furnace at hand, then a pig bed should he made, 
throwing the spare sand around the joint between the roll 
and flask, so that there can be no run-out. The sand 
should be cleaned away from the outlets, and runners made 
leading to the places formed for catching the wasly iron. 
Sometimes, if there is a mould that can stand pouring wilh 
dull iron, a larlle may be sunk down into the floor to catch 
and save the iron. If the iron should he likely to mn upon 
the face of the roll at the outlets, it should he smeared with 
oil at those poiuta to prevent the melted metal from adhei 
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ing to it. In commencing to ponr the ii-on, the ladle 
ehould be held very low, and then gradually raising the 
ladle until the metal will have a fall of about four feet. 
The ladle is supposed to be handled by a requisite number 
of men not sliown. The man in charge of the proceaa can 
easily ascertain if there are any places upon the surface of 
the fracture where tlie melted metal is not cutting, by 
means of the beat rod D, and the molten etrcam directed 
upon those places. Some small piecea of tin or zlne should 
be kept at hand, and by constantly throwing them into the 
mould the iron in tho holes that are burnt is thereby made 
hotter than it would be otherwise. 

The iron should be poured until only about five hundred 
pounds remain in the ladle ; the openings, A,B,C, should 
then be stopped with a stopping stick and clay ; then fill 
the neck neatly full of metal. 

A protecting ring, not shown (which is a thin plate of 
metal, having a hole in the center, the same size as the 
neck, and is placed on top of the flaak to prevent the falling 
stream of hot iron from cutting away the edge of the 
mould), should be lifted off at once by means of handles at- 
tached to it ; then skim oS all the dirt and slag from the 
surface of the metal, after which the wabbler mould 3 
should be quickly placed upon the flask 2, and the feeding 
head 4 upon the top of the Qask 3. These flasks sJioiild bo 
securely held by placing heavy weights upon the top, after 
which the mould should be quickly filled and fed with 
metal until it solidifies. If the neck has been burned suc- 
cessfully, the old or original neck will generally be the first 
to break. In regard to the amount of iron necessary to 
complete the operation described, I may say that it depends 
entirely upon the nature of the casting to be mended. 
For a roll weighing from 5,000 to 7,000 pounds, it will fake 
about 1,800 pounds for burning on wabblera or neck, whUj 
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on small roUs^ about l^SOO pounds of metal will be required. 
The cost of the process is comparatively small^ and saves 
the trouble and expense of turning up a new roll^ besides 
effecting a great saving in time, which is a very essential 
point in rolling mills. 
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CHILLED OAST-IRON CASTINGS. 

The Burfitce part of a casting that is wanted to retain a 
cortain ehape, size, and EmuotliDess, and to withstand a con- 
stant wear and tear, can, in most cases, be chilled when cast 
by having iron to form the sliape instead of sand. The iron 
monld or chill, when made of cast iron, should be of the best 
strong iron, having Tcry little contraction, as the sudden 
heating of the surface by the melted iron is liable to crack 
it, or in a short time the face will be full of small cracks or 
raised blisters. When melted gray iron is poured around or 
against the surface of solid iron, it is chilled from «" to 1" in 
depth, depending on the hardness and closeness of the iron 
the mould is poured with. In order to chill this iron as 
deep as IJ" and upward, there must be some cast steel melted 
in the cupola. The proportion will depend on the quality 
of the iron and steel used. Steel borings can be put into 
the ladles and let the hot iron mix with them ; but the best 
plan is to haye some old steel castings, or pieces of steel rails, 
and melt them in the cupola, and when the iron is in the 
ladle, mix or stir the metal with a large rod. With strong, 
close iron, about one part of steel to five parta ol iron will 
cause a chill of IJ". Iron for jnaiviff chilled castings should 
be strong, as diilUng iron impairs its strength. An iron that 
contracts very little in cooling is of the greatest importance 
in keeping chilled castings from checking or cracking. 

I had reason at one time for studying the cause of chilled 
castings being bad. I was working in a shop where they 
made some small chilled rulls, about 10" iu diameter 
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14" long. The thickneBa of ciiill for chilling the roll wus 
3^". The top and bottom necks and wabblei'B were moulded 
in dry sand. The job was given to me, and I moulded and 
east three at a heat. Out of the first three there was only 
one good one, and I was told that I was lucky at tiiat, and 
that the proprietors would give, a good deal if they could 
make their own rolls, as they had to send away and pay a 
heavy price for them. 

TliefleroIlBhad to be chilled IJ" deep, as there were grooves 
turned in them for rolling bar iron, and when the gi-oovea 
got ■worn out of true they were turned again. After study- 
ing the trouble over, I cast three more with good rosults, 
and from that on there was no more trouble with them. 

Melted iron, when poured inside of a chill, similar to a 
roll or car-whoel chill, cools and forms a shell in a very short 
time, the thickness of which will depend on the hardness 
and temperature of the iron, In small rolls and wheels 
it 18 during the course of the first two or three minutes that 
the checking or cracking generally takes place ; for as soon 
as melted iron commences to freeze, it starts to contract 
more or less, and as the shell thus formed becomes cool, or 
half molten, it contracts, so that the contracting shell has 
to stand, or hold in the pressure of the liquid iron inside. 
Should the mould not be dead level, the inside liquid metal 
will have the moat pressure at the lowest point of the shell, 
and will cause this part to burst open. A cheek or crack 
never starts at the top part of a mould, but always at tlie 
bottom, and if you look closely at one of these cracks you 
will see it is the largest at the bottom and running up to 
nothing. In some cases you can see where the inside liquid 
iron has flowed out, and partly flUod up the crack, 

I have often asked car-wheel monlders why it was they 
fooled their iron to a certain temperature, and they would 

lawer : Because it keeps tlie wheels from cracking. 
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days, when they would have three or four wheels cracked, 
when iifiked what was the matter, they would eay that the 
melter did not mix his iron right. So far as mixing the 
iron is concerned, it will atand a deal of excuses ; but it is a 
poor excuse for a moulder to put the blame on the melter 
for thi-ce or four bad wheels out of a heat of sixteen. 1 
think if he would make a straight-edge that would reach 
across the top and Rome down on to the turned level face of 
the chill, and then level his flasks, instead of dumping them 
in any shape, the poor melter would not get blamed so much 
as he does for cracked wheels. 

In making chilled rolls the temperature of the iron is as 
important a point as it is in the manufacture of ear-wheels. 
The iron should be poured dull, for the duller the iron the 
quicker and thicker is the outside shell formed, thereby 
offering a stronger resistance to the pressure of the inside 
liquid iron. Of course, the moulder must use bis judgment 
in cooling off the iron, for if too dull the face of the chilled 
part will be cold shut, and look dirty. The rolls should be 
poured quickly at the bottom neck and the gates cut, so as 
to whirl the iron and keep all dirt in the center and away 
from the face of the chill. 

When the mould is full and the iron seems to require 
feeding, from the way the feeding head is made, do not put 
in the feeding rod until the neck is about to freeze up. 
"When you do put it in, don't ram it down suddenly, so as to 
cause a pressure on the contracting shell, which would be 
liable to crack it. WJien feeding, work the rod slowly. In 
Pittsburgh, a great center for the manufacture of chilled 
rolls, they do not feed their rolls at all. The feeding 
heads are made long, without a noek on them ; they are 
made the full size of the wabblers, and then cut off in the 
lathe. In pouring the rolls the iron is tiiken from an air 
furnace into a large ladle, and, after being cooled to the r 
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quired temperature, the iron is poured into the moulds by 
basins that are made very large, so as to be able to keep the 
dirt out and have the iron go in fast. As soon as the moald 
is filled to the top of the wabbler the pouring is stopped, and 
then the balance pf the feeding head is filled up with hot 
iron, carried in hand-ladles from the cupola. Some of the 
large-sized rolls have feeder lieads from three up to four feet 
long cast on them. The heads are made nearly the size of 
the body of the roll, from 3" or 4" above the top of the 
wabbler up to the top of the head. As soon as the heads are 
filled up with iron, they can then be covered with sand, and 
they will then feed the casting without any further handling. 

It is better to make the chills as hot, as by heating them 
in the oven the iron will lay closer and make a smoother 
casting against a hot chill than when poured against a cold 
one. 

By having the mould dead level the pressure will be equal 
all around. Whenever there is a check or crack, it is caused 
by unequal pressure of the confined liquid metal against the 
contracting shell ; and, whether some moulders believe it 
beneficial or not, to have a chill mould level, when being 
cast, they will acknowledge that when a chilled casting 
checks or cracks, the point which is thus cracked must 
have had the greatest amount of pressure upon it, and, 
although castings are well cast with moulds not level, the 
worst cases would be less if the moulds were leveled. 
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MAKING CHILLED CASTINGS SMOOTH. 

To make chilled castings without haviog them 
cold shut is a very important feature, and one that has caused 
a deal of trouhle in certain classes of work, such as anvil or 
die hloeks, which are usually cast with the chill lying hori- 
zontally. When the moulder pours his mould he will start 
slow and easy, heing afraid of spilling the iron or cutting 
the runner ; and, when the ciisting comes out, it will not 
have a smooth face. The eseiiso will be doll iron, or the 
men did not stand still, or did not hoist the crane vhen told 
to do so, fir something else. "He is a poor moulder who 
cannot make a good excuse," ia tliOught to be a good adage 
among moulders, and I think it is, too ; for there are some 
moulders who would not sleep two nights in the week if they 
thought their excuses were discredited. In point of fact, 
is more consoling to the mind to frame an excuse than it is 
study the cause and find the fault is in our own ignorant 

Whenever a moulder has trouble with his work, he shouli 
study the cause before making the piece the seoond time. 
Any moulder who follows this plan knows its value, not only 
in making good work, but in enabling him to understand 
cause and effect, and the principles of his trade. 

In studying a plan for making ilat chilled faces smooth, I 
made the runner and gates large ; and if a crane ladle wore 
used, the basin should be made large, and the top of the 
runner have an iron cone plug (as shown in a recent article 
on moulding heavy castings in gi'een sand) to close it up 
and, —' — *he basin is about full of iron, lift up this pli 
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and in goes tlie iron with a rngh, and immediately cov- 
ers over the face or surface of the chill with a body aiiffioient 
to keep down any tendency of the iron to boil, which is caused 
by hot iixjn coining in contact with cold. When iron is 
poured so as to run into the mould as it first comes from the 
ladle, the bottom is covered slowly, and the casting is gener- 
ally sure to look streaked and dirty on the face. 

There are blocks and dies ciist Sat tliat could be cast on. a 
slant, or pei-pendieularly, thus causing tiie iron aa it is poured 
to cover or rise on the face of the chill in a body. When 
iron is poured or run so that it immediately covers any section 
of the chill that it strikes, there is very little danger of the 
casting being cold shut or streaked, unless it Bliould be caused 
from using a new chill or one that has not been used for some 
time, or from the effect of bad oil or too much of it. It is 
always best to take new chills, or those that have been lying 
idle, and pour some melted iron on or in them to heat them 
before they are wanted. This will born off any ruet or scale 
that may have collected on them. When oil is used for rub- 
bing the face of a chill it should be light and clear, and very 
little should be used. When too much oil, or when black, 
heavy oil is used, it burns wlien the hot iron comes in contact 
with it, forming a heavy gas that will throw the iron back 
from the face of the chill, and cause it to bubble and boil, 
and to generate a dirty scum that will mix with the iron and 
make the face of the casting look dirty. Whenever I use oil 
for this purpose I use coal oil, as it is light, and, I think, tJie 
best. The use of oil on the chills is to preserve them imd 
keep the hot iron from cementing or cutting into them. On 
castings that the iron as it runs into the mould Joes not 
strike the face of the chill, you will often get a smoother 
face by not using any oil at all, provided the chill is in eon- 
_ataut use. 
. The pro[>er temperature of tlie iron when poured -will de- 
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pend on various circnmstances^ and the moulder must use 
his judgment in this respect. This temperature has much 
to do in many instances with the checking, or cracking of 
castings, so that in pouring them with hot iron, while the 
prospect of getting a smooth face may be better, the danger 
of losing the casting from checking will be materially in- 
creased. In the instance of heavy castings, there is also a 
liability that the iron, if too hot, will eat into the face of the 
chill and unite it to the casting. 
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SPLITTING PULLEYS AND OTHER 

CASTINGS. 

It U often necessary to cast pulleys, gear-wheels, fly- 
wheels, etc., whole, and split them in halves after cajsting, 
.for convenience m handling or fastening to a shaft. The 
splitting of such castings has not always been a success, 
from the effects of which both moulders and machinists 
have been annoyed. There are ^^everal ways of splitting 
such castings, and what would be good for one style would 
not do for another. I have seen wroughfc-iron plates set in 
the mould to split heavy and light castings, and although 
the plates were painted with blacking, coal-tar, oil, or rosin, 
the iron would eat into them, so that in trying to split %e 
casting it would be broken, or it would take much time and 
labor to split it. A plan that I found to work successfully 
for such castings, was to use two plates instead of one, and 
if it is preferable to have the plates stick to the casting, so 
that in fitting together it will not be necessary to handle 
loose plates, it would be better not to paint them at all. If 
it is thought the iron will not adhere to the plates, holes 
may be drilled nearly through them, from the sides against 
which the iron will run ; or tlie holes may be drilled quite 
through, if care is taken that they do not come opposite 
each other in the two plates. This plan will make a sure 
thing of splitting a casting without any trouble, and when 
the casting is placed together again, it will generally be the 
same circle or shape that it was before it was divided, and 
without any fitting on the part of the machinist. In using 
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these plates, if the easting requires them to be very lon^. 
there miglit bo trouble ciiused by tiieir cvpaDsion and con- ' 
traction ; if they are required to be oyer two feet long, they 
could be usud by having the plates made in short sections, 
so as to be set into a mould. For some classes of work cast- 
iron plates, made the required shape and size, might be pre- 
ferred, as the iron will adhere to them Letter, and be Ices 
liable to show the joint. There are moulds in which the 
double i)Iate3 cannot be made to stand np together. In 
Buch cases the two plates may be fastened together with two 
small rivets near tlieir ends, so that they can be easily 
opened. The accompanying cut represents the plan and 
elevation of a split pulley, and shows a good way of using 
cores for splitting a casting, so that when put together 
there will be no fitting required. There arc very few johs 
that the foundry man dislikes more than splitting pulleys 
from whole patterns. Whether tliey are made from a draw 
or a split pattern makes very little difference. Not many 
years back it was thought a great favor to get a pulley cast 
in halves. Nowadays they are ordered the same as other 
castings, and, as a rule, they are expected at the same price as 
plain pulleys, although it takes about twice as long to make 
them. I have said to parties, "I can show you some nice 
split patterns, just the size you want every way," and their 
answer would be, "0, I guess you had Letter make them 
fi-om tlie whole pattern, and split them, as it will save me 
time in planing and fitting." Of course the result would 
be they must be made as wanted, or the custom of the 
ties lost to the foundry. Having split pulleys in alrni 
every ivay, I think the plan as herewith shown to be goi 
The hub of the palley shows a lug, JT, X, on each side- 
core from i" ta^" ftiick cuts through the top and bottom,, 
Th e JasattlMMBlfe o f the core shonld be of a thickness^ 
\t>-" still have bearing eno 
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|Bfte joints strong wlien bolted together to be turned and 
B ^red out. There arc two atylea of higa, or ears, shown on 

the rim for bolting 

the liulves together. 

The round, separate 

lugs B, B, are made 

in a core box, anil 

when ramming np 

the pulley, set the 

dry sand lug core I 

against the pattern, ' 

and ram them np. 

The opposite lug is 

made with a piece 

of pattern with core 

print on the bottom 

to set in the long 

Hat core, as abown 

at D. This spl tt ng 

core D is Bomct mcs 

run ha!f-wa\ into 

the rim of the lal 

ley, in the form of 

a sharp V ; this will make the splitting of the nm easier. 

This latter form of Iiig is used for light and heaiT- pulleys. 

In splitting thesi> pulleys the job is generally left to the 

machinist, and I think the best plan is to split them open 

before boring or turning, as the chisel marks can then be 

all turned out, and a truer pulley made than by splitting 

ftfter finishing. 
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STRAIGHTENrNG CROOKED CASTINGS. 

" Which way will my casting go ? " is a question that is 
often asked. To answer this question correctly every time 
would bo a very hard task. The moulder may be verj- well 
versed in the cooling and contraction of castings, but some- 
times a complicated piece wilt come along that will puzzle 
him. In some castings the sooner some of the ports are 
cooled the less liubility there is of the casting being crooked, 
wliilo again there are others that require to he cooled from 
Bomo certain temperature. 

There are two reasons for castings warping. The first is 
ill-proportioned thickness ; the second, the allowing of some 
parts to cool before others. To tiiese a third reason might 
bo added, viz., the quality of the iron. Bad jiroportion is, 
perhaps, the chief cause for warped castings. 

Tiie two sketches illustrate the straightening of a crooked 
casting, and also how gates and ninnera often muke (.'astings 
crooked. 

Castings for house work give trouble from warping, as 
tliey are generally light and long. When the thickness of 
metal in a column is not equal, the tliin side will generally 
cool first, and draw the thicker side toward it, thereby mak- 
ing the thin side of the column euneavc and the thick side 
convex. And the thick side being the last to cool, will 
often draw it back, thereby leaving the casting, when cold, 
concave on the thick side. A variation of -^" in thickness 
is often enough to make a column crooked. When care is 
not taken to have the thickness equal und the core wdlj 
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anchored, crooked colmniiB may bo looked for, Cores that ^H 


are made in half-core boxcB, and then piteted together, ^H 
should always be calipered before Betting the bottom chap- ^H 
lets, to see if they ^M 
are round. Should H. ^ ^1 


the core bo found to 
be flat or out of 
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sliould be divided OJ 1 
between the top and 
bottom chuplets. 
Moulders will 
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fiometimcB set a flat 
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core on the bottom 
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prints, allowing for 
no variation, and 
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when the cope is set =£ 
on there will bo, per- 
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haps, more thickness 
of iron on tho cope 
than on the bottom 
Bide. If fjaestioiicd 
abont this by the 
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foreman, they will 
answer that the core- 
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is all true enough ; OJ | 
but as it is a well- '- -| 
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known fact that very " 




few cores are pasted ' 

together so aa to be exactly round, like a core that is swept 

up with loam or green sand, the moulder should always ^M 
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caliper them, ami then the pattern, and set the i 
accordingly. 

There are also many house-castings, such as lintels i 
ornamental work, that are troublesome from having flanges 
and ribs, for the purpose" of strengthening them and saving 
iron in the main eaating. The 6anges or riba are usnally 
cither thinner or thicker than the main casting. It can 
only be told how a flauge or rib will draw a casting in the 
case of a spociai pattern ; tJiat is, no general rule can be 
given. The same shaped flange or rib attached to different- 
proportioned castings will not make the castings all draw in 
the same direction. Although it is mainly flanges and ribs 
that are the cause of many castings bending into all kind of 
shapes, we must not lose sight of the f::ct that the main 
casting is jn.'^t as much responsible. Either (the flanges 
and ribs or the main casting) eould generally bo cast sepa- 
rately and come straight. In all eases the thick side of 
castings does not require cooling. Sometimes columns can 
be made thicker on tJie cope side, and this thickness be the 
means of preventing the casting from being crooked in the 
bottom, the iron is there the closest grained and soundest, 
while the np])or surface is more porous and contains most 
all the dirt, which allows the heat to escape much faster, 
the cope covering of sand offering but little resistance to it. 
The cope surface of a casting generally cools the fastest, 
especially when the copes are shallow. Before endeavoring 
to cool a casting, we should consider the greater amount of 
heat lost by the upper por/ ion than lost bij the iottom part. 

About all that can be said as regards the cooling of ill- 
proportioned castings, to keep them straight, is ; cool the 
thick part and keep the ihmpnrt hot, so as to have the same 
temperature in each portion. Keeping all parts of the same 
temperature, their contraction will be uniform. There are 
castings that it is almost impossible to cool so as to keqj I 
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kWith castings in which u Btrong artiflcial cooling treat- ^H 
nent has to he resorted to, to make them como atruight, it ^M 
le best vhen possible to buvc the pattern mado crooked to ^M 



straight, on account of their ill proportions ; and Hhould 
we by good management do so, we run the rislt of having 
them crack sooner or later, as there is sure to be a strain 
somewhere, because a thin body of iron will contract in 
cooling more thitu a thick body. 
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compensate for the warping when cooling. This is very 
often done in the case of castings that always warp one way. 
But there are castings in which this would lie impossible, 
becanse they twist into all kind of shapes, one day being 
one way and the next day some other shape, and so on. 
About the best thing that can be done with such castings is 
to make them of iron, of the least possible contraction. If 
iron could bo had that had no shrinkage qualities, we 
would not be troubled much with crooked castings. 

Weighting down the ends or the middle of long, heavy, 
or light castings, is very often done to keep them straight. 
Sometimes the weights are sufficient to hold the casting 
straight without having to resort to any cooling process, 
and again it is necessary to weight them down and oool 
them us well. It is sometimes better, when possible, to 
weight a casting down than to try to straighten it hy cool- 
ing. I have seen long awning eastings go so crooked that 
it was necessary to take them out of the mould, lay each 
end on some pig iron and weight down the middle so as to 
it down more than an inch below a straight line, the 
iding being done the reverse of the way that it naturally 
crooked or warped. This was done iia soon as possible after 
the casting was poured, so as to bend it while red hot. 
When the castings had cooled and the weights were taken 
off they came up straight. 

Often moulders will weight down the ends of a casting, 
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and flhoTel the sand from the top in the middle in order 
keei) the ends of the casting from coming up. This 
wrong, for by cooling the middle on the top aide this part' 
. ia contracted quiclier than tho under aide, whicli will natur- 
ally cause the ends to come up if the weights arc not heavy 
enough to hold them down. If the moulder is trying to 
hold down the ends of his casting, it would look more aa if 
he understood what he was doing to dig underneath the 
middle of the casting so as to cool it, which, by causing the 
castings to contract there, will help the weights instead of 
working against them. 

If the under side cannot be got at, it would he better to 
put on more weights, and instead of cooling the middle on 
top, leave it well covered over with sand, bo as to keep it 
hot. It should always be remembered, that removing the 
sand from any part of a hot casting cools it ; and that cool- 
ing any ptjrtion of a hot casting causes it to contract the 
faster. Also that before one aide can contract faster than 
another, there must bo a crook or bend in the casting, this 
bend being made while some part of tho casting is hotter 
than another. The part that cools first in equal-propor- 
tioned castings will generally keep the casting in the shape 
it was benfc when hot. 

It ia not always that a moulder will succeed in straighten- 
ing a casting before it is cold. He may, when he gets it 
out of the sand, sec that it ia crooked, and while there is 
yet a little heat in it, by dampening the rounding side or 
surface with cold water, straighten it. This treatment r^' 
quires care, oapecially if the caating is so hot that you 
not bear your handa on it. The action of the water isTf 

s visible as soon as it is applied, and if care is not 

taken, tho casting will be bont the other way, in which 

, if there is heat enough left, it may be wet on the other 

side to bring it back. 
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After castings are entirely cold, and are then fonnd to be 
crooked, they may often be straightened by "pening" with 
a hammer, or by heating the middle with a wood and 
charcoal fire, and weighting down the ends. 

The upper cut shows how this is generally done. The 
crooked casting is rested on two iron bearinga, E, E, high 
enough to give a good chance to build a wood fire under- 
neath. There are then wooden or iron guide-blocks, P, P, 
set toallqw the ends of the casting, when it is being straight- 
ened, to be bent down the proper distance, so that, after 
the weights are taken off, the ends will spring up, leaving 
the easting straight. It will generally be necessary, if the 
middle is mode red hot, to bend it down about twice aa 
much as it is crooked ; that is, if it is %" crooked, it should 
he bent IJ", and after it is cold and the weights arc taken 
off, it will be about straight. This is done by adjusting the 
blocks P, P, BO tJiat the weights will bend the ends down 
just as far as required, 

In straightening castings in this way there ia no cooling 
or contraction involved; the casting is simply bent, while 
red hot in the center, by the weights. 

The casting must be red hot, and he bent more than 
snfficient to straighten it, as explained. 

A wood fire is kept underneath, and a charcoal fire is 
made on top of the casting, so as to have it surroitnded 
entirely by a sti-ong fire. 

Often castings can be made straight by "pening" tlie 
hollow side with a hammer, as shown. The hammering 
compresses and lengthens the part that is hammered, ex- 
panding the surface of the iron, which lowers the ends. 

A solid iron block should always be used to rest the por- 
tion of the casting under the hammer, and the hammer 
should have a good, flat "pone." The hammering should 
be done gradually over the surface. Steady hammering on 
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one Bpot and then on another breaks the akin or surface of 
the iron, or perliaps worse, wiU break the caBting in pieces. 

The lower cut shows how gates and runners sometimes 
draw castings crooked. This easting was a long, toothed 
rack, the teeth being small. The casting was gated as 
shown (sometimes such castings are run from one end, bj 
having the mould set on an incline), and when it was taken 
out of the sand it was bent sideways, Tliis was cansed by 
the gates and runner being lighter than the casting, and in 
cooling and contracting the quickest, they draw the casting 
crooked. 

To remedy this in the next casting, gates were made on 
both sides, aa at X, X, instead of on one side only. This 
caused an equal pull on each side, thereby making a straight 
casting. The small gates, 2, 3, 4, and 5, at the ends, would 
generally be broken from the castings by their more rapid 
contraction. 

There is hardly a foundry that has not heen at some time 
troubled by castings breaking or warping, and it is fre- 
quently troublesome to find the cause, and a remedy. 
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CAST IRON. 

Cast iron is obtained from orea am It d n bla t fnrnaees. 
The quality and grade of the iron i r du Id] enda upon 
the nature of the ores and fluxes u d alao whether it is 
hot or cold blast, and what class of fu I us d to smelt 
them. Tho same class of ores will ] lu d ff e t gradea 
of iron by vaiyiog the chargea of fuel and flux the fluxes 
are used to aasiat the melting of the n a d to eparate the 
earthy or non-metallic matter from tl e o es, h h is run 
off in the form of a slag, similar to that which runs out of a 
cupola when large heats are run or dirty iron iiaetl. 

The slag from a blast furnace generally contains more or 
leaa iron, and a well-managed and good working furnace 
is one that produces tlie grade of iron intended, and extracts 
all the iron possible from the ore. 

Some ores contain more iron than others ; about the lowest 
percentage of iron ore used ia sixteen per cent., and about the 
highest percentage of iron said to he produced from ore ia 
seventy per cent. 

Silex, lime, and clay are more or leas combined witli iron 
ores; some ores contain so much that the ore will flux itself, 
and again one ore will be need to flux another. 

"Any substance which promotes tJie melling of another is 
called afinx." — Osborn. 

The percentage aud class of fluxes used depends iipon the 
composition of the orea. 

Carbon, silicon, sulphur, phosphorus, and manganese 

) bodies that exist in the ores as in the cast iron, but 
13 
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the same percentage contained in the ore does not exist in 
the gradea of iron obtained from them. 

The manager of a blast fnrnace wiJl sometimes cause the 
composition of ores to be entirely changed by liis manipula- 
tion of charging and smelting them. For a manager to 
obtain the grade of iron wanted, a practical knowledge 
obtained from experience and from the chemical composition 
of the ores, fluxes, and fuels used is neeeesary. 

The fuels used to smelt ores are charcoal, anthracite coal, 
bituminous coal, and coke. Charcoal makes the best iron 
because it is freer from sulphur, and other impurities which 
always exist more or less in coal and coke ; the phosphorus 
in iron is often largely obtained from the limestone used to 
flux the oreu. 

Silicon and the manganese in iron ore are obtained from 
the ores. A percentage of the carbon in iron is obtained 
from the fuel used to smelt it with. The carbon in gray 
iron is mostly all in the form of & graphite, and the iron may 
contain as much as three or four percent, of it. A large 
percentage of graphite iu gray iron will make it verj- 
Boft, unless made hard hy the presence of some harden- 
ing substance, snch as silicon, which is the most common 
ca«e. 

"White iron contains carbon in a different state from gray 
iron. Ju white iron it is called combined carbon, in which 
form it hardens the iron. The graphite carbon in gray iron 
can ha^ve a large percentage' made combined carbon, as in 
white iron by casting it on a chill or suddenly cooling it. 
By this action the carbon, which in melted iron is in the 
state of combination, does not have time to separate in the 
form of graphite. 

Silicon, sulphur, phosphorus, and manganese are im- 
purities found in cast iron, which more or less destray the 
strength of the iron by making it hard or brittle. Silio 



greatly increases the flnidity of iron, thereby making it 
good iron "to run light or thin (tastings, but for castings re- 
quiring great strength, silicon ia undesirable. While iron 
containing Bulphur maybe strong, phosphorus will always 
be an element of weakness. 

Cold blast iron is said to oontain less sulphur and phos- 
pliorua than hot blast, bnt at the present day this ia a dis- 
puted poiut. Charcoal is the only fuel now generally used 
with cold blast ; anthracite coal and coke being blown 
with hot blast, and also charcoal, for the jmrpose of saving 
fuel and obtaining a larger percentage of iron from the 
ores. 

White iron ia aometimea produced by improper charging, 
bad fuel, or a furnace failing to work as it should. To 
obtain gray iron requires the moat favorable conditions and 
management. Gray iron passes from the solid to a liquid 
State far more readily than white iron. White iron becomes 
soft and pasty before becoming liquid. White iron contains 
but little atrength, a No. 1 gray iron made from anthracite 
or coke furnaces ia generally a soft, open-gTuined iron, and 
need to make thin, light eastings ; it has not much strength, 
but it poasosses gi-eat softening qualities, which permits an 
advantageous use of it mixed with scraji or harder grades of 
iron. 

A No. 2 iron is harder, stronger, and closer grained than 
a No. 1 iron. 

No. 3 ia atill harder than No. 2, and poaaesaea leas atrength, 
Ic its color is gray inclining to white. 

Kos. 4 and 5 are mottled irons, wliicli are made from a 
Inixture of gray and white irons. 

No. 6 ia white iron, possessed with little atrength, and very 
seldom uaed except to mix with softer grades of iron in a 
loundry. 

No. 1 charcoal iron ivill not generally make us soft a cast- 
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ing Be a No. 1 anthracite or coke iron. A No. 
iron should be a yery strong iron. 

It ia not always safe to rely upon the appearance of pig 
iron (when broken) aa to its qualities, for when it is melted 
in tlie cupola ita nature will often change, so as to retm-n 
an entii-ely different grade of iron. The best way to tell the 
merits of pig iron is by melting it. To judge of the merits 
of iron when in a liquid or solid form, requires study and 
experience ; hard iron, when running out of a cupola, causes 
numerous sparks to fly in all directions : when in the ladle 
the surface presents au unbroken, close appearance, and if 
the surface is disturbed it acts sluggish and devoid of life. 

A No, 1 iron in running displays no sparks, and when in 
the ladle its surface presents a lively, broken appearance of 
fine-colored undulatory movements. No. 2 and No. 3 
present a similar appearance, only to a less degree as the 
iron becomes closer. 

A jiifce of iron when broken, if good and strong, should 
present a medium-sized grain, of a lustrous dark gray color, 
fracture sharji to the touch, and close, compact texture. 

A grain either very large or very small, a dull, earthy 
aspect and loose texture, indicates a poor grade of iron. 
The color of iron ia generally lighter as the grain becomes 
closer. 

All kinds of iron become white when suddenly chilled, 
and iron poor in carbon becomes so most readily. 

Cast iron melts at from 2,000" up to 3,000°, and will pro- 
duce better iron when melted at a high teniperatui 
at a low one. 
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MIXING AND MELTING IRON. 

To be able to mix and melt irons that will answer for such 
castings as cylinder rolls, dies, pulleys, etc., a series of ma- 
oipulatioQS are given that to many foundry managers will 
be far moro instructive than an elaborate chemical analysis 
of irou. Twenty-five or thirty yeara ago pig iron was not 
60 easily procured as afc tJic present day ; much of the iron 
used was imported, and what few brands of iron were in tlio 
market were generally well known. . At the present day, 
however, we (ind the home production so large tliat it would 
occapjf pages to even mention the different kinds, and tlie 
importations are so small that we seldom hear of any. Most 
all American foundries now use different brands. Hence an 
attempt to give the names of tiie brands used would help t!io 
mixer or meltor much less than the plan herein adopted. 
Different grades of iron have a higher or a lower temperature 
at which they will melt, A hard hon will generally melt 
faster than a soft iron. Pig iron requires a higiier tempera- 
ture to melt it as fast as a piece of old scrap iron of the same , 
siae. Pig iron generally melts at the ends of the pig first, 
for the sand and scale on them hinders the body of the pig 
from melting ; and light iron will melt before heavy. When 
charging iron, the heaviest pieces should be put in during 
the first part of the heat, for cupolas under 30" inside 
diameter. Heavy pieces of iron should not be charged, as 
they are more or less liable to choke the cupola, in cupolas 
ranging from 30" upwards. Larger lumps of scrap iron 
that cannot be broken are very often melted ; I have charged 
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pieces ranging from 100° up to 1,000°, but it ia not economw 
to melt heavy pieces if they can be broken, for Buch loi 
bodies require tlie use of more fuel to melt them, 
charging iron it Bhould be evenly distributed over the fu^ 
and made level, ao as to receive the charge of fuel i 
the top of it. The iron sliould not be charged close o 
it is better to charge it open, thua giving the flame and 
heat a better chance to reach it. In charging pig iron, the 
top smooth face, having no sand on it, should be the side to 




he placed next to the surface of the fuel, since, by so doing^^^H 
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the Iieat will reach it more readily. Long jiieces of pig, alnn 
scrap iron, should be used aS little as possible, especially 
in the smaller-sized cupolas, for they are apt to hang them 
up. In melting irons of different grades during the same 
heat, there ia danger of getting them mixed, unless the great- 
est of care and judgment aJC used. Sometimes they will 
get mixed because of the method the melter has of charging, 
some men, when shoveling in coke or coal, will stand baok^ 
seven or eight feet from the charging door, in order to avoii 
the beat. The fuel strikes the farthest side of the cupola, ani 
lodges on the side nearest to him, so that instead of tl 
fuel being level, it is banked up against one side ; the 
is now thrown in, and it rolls to the lowest side ; 
the largest percentage of the fuel is on one side ; and 
the iron on the opposite aide. There are cupolas charj 
in this manner very often. The foreman will compli 
to bis melter because the cnpola melts so slowly, or becant 
it is choked before it baa melted half the iron it should 
do ; or when the castings come out, because they are hard, 
or not of the grade wanted ; for any uneven charging of 
fuel and iron will always cause trouble, and to many it may 
appear a very profound problem to solve, when, in reality^ 
it is only the lack of judgment and a little commo^ 
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ia a class of iron that foundrymen dielike to hiive Boything 
to do with, on account of its mixing in and contaminating 
other irons. Shot iron will sometimes cause hard spots in 
castings, it also causes them to crack, and very often live or six 
hundred would make a sixty hundred heat of soft iron so 
hard that half of the castings would be condemned. Shops 
that can use nothing but flrat-clasa iron in their castings 
generally have trouble to get rid of shot iron ; there are 
some shops that will not bother with it at all ; they will pick 
out all the iron they can from the cinder, and let the rest go ; 
and it has often beeu a question in my mind whether they 
were not as well off as those that paid help to screen the 
cinders, and used the shot iron at the expense of making 
bad castings. I have tried in many ways to use shot iron so 
as not to spoil good soft iron, and about the best plan is to 
make a separate heat of it, or melt it at the last of a heat, 
and then pour it into pigs, which can then be broken and 
used to mix in with good pigs in future heats; but in any 
form it should be used with caution. Burnt iron, in many 
respects, is like shot iron, so for as making bad castings is 
concerned. Burnt iron will make more slag than shot iron, 
and cause a cupola to choke quicker. There are degrees in 
burnt iron, some are worse to deal with than othci-s; but with 
shot irons it is all about alike. Burnt iron should only be 
used in small quantities at a time, unless a lot of sash 
weights, etc., are to be made, then a heat can be made of 
nothing but burnt iron, and the cupola run until your 
ladles and cupola are all choked, if one desires to do so. 

In melting ordinary mixtures of iron, such as that used 

for common castings, there ia seldom trouble caused from 

the different kinds of scrap or pig not giving the quality 

^wanted, when shot or burnt iron is left out, and the 

elter charges the iron and fuel as it should bo done. 
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When a foundry receirea a pattern they receive instratK 
tions tis to the grade of iron required in the casting. 
may desire a, good soft iron, another a very strong i] 
very liard iron, or perliaps desire it chilled. These f 
elements comprise the requirements for special miitui 
When a clieap iron is desired, the eastings i 
made of what is called a common mix, and in such c 
may be even too common. 

Good common mixtures are generally made of one t 
K"o. 1 soft pig, and two thirds common scrap. 

Castings tliat need to be soft, as pulleys and thin eastin] 
are generally made of the openest No. 1 pig that can be 
obtained, and then mixed with half good machinery scrap 
iron ; if all pig iron ia used, as a rule, softer casting will be 
obtained. By mixing two brands of Ko. 1 pig, 
to obtain any grade of castings from pig, it ia best to use ■ 
least two brands of pig, as it results in a better iron, 
the Eastern and Middle States more pig iron and less scrap 
is used than in the Western States. A great many places 
use almost all pig iron in their mixtures, which plan is not 
good in many cases, for a fair percentage of good sera 
mixed with pig iron will often make a cleaner and strongj 
casting. To obtain a very soft iron it ia sometimes i 
visable to use nothing but pig, selecting from two hraudi 
the openeat pig that can bo found. Soft iron is not a strong 
iron ; it is a very hard matter to obtain a very soft casting 
and at the same time a strong one. One of the best irons, j 
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manufactured which accomplishes this end is the Hanging 
Rock iron, man u fact tired along the Ohio River; Ko. 1 Scotch 
pig ia a good iron to uae aa a softener. When it is dcairablo 
to use up scrap or No. 2 and No. 3 pig, 100 pounds of No. 1 
Scotch and 400 pounds of either will make a stronger mix- 
ture than if equal proportiona of each are used. Nos. 1 
and 2 of Scotch pig are generally a very weak iron, and if 
used alone the castings would be porous and unclean when 
finished u]i. There is American Scotch pig aa well as 
foreign. 

For castings requiring strength when all pig is used, it is 
best to mix a No. 1 of one kind with a No. 2 of another. 
There ore three classes of pig iron named by furnace man- 
agers — the red short, the cold short, and the neutral iron. 
The red short is an iron that has no strength when red hot, 
the cold short is one that has no strength when cold, a neu- 
tral iron is made by raking the red aiid cold abort irons to- 
gether ; and, naturally, ti.e neutral iron makes the best 
castings. When mixing irons of two or three distinct grades, 
to make a casting which is to stand great pressure or strain, 
or to have a spotless finish, it is a good plan to melt the 
mixture and pour it into some pig beds ; then, if the mixture 
gives the grade desired, remelt the pigs and pour the cast- 
ing. This is a good plan also for some special cylinder, 
roll, or die castings, where a mixture of distinct grades ia 
used, such as No. 1 charcoal and No. 1 anthracite or coke, 
car-wheel scrap, and a percentage of white iron or steel. 
Whenever white iron or steel is to be mixed with soft iron, 
the process is troublesome, for they will not mix well to- 
gether; hut by twice melting, the union ia made more com- 
pact and the result cleaner. One thing that should not be 
lost sight of in rcmelting iron ia, thaji every time iron is 

I ivmclted IT IS made nAKDzii. 

^B'WHen making chilleil castinsa a strong inui sliould be 
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used, as the chilling of any iron will weaken it ; the clossr 
the grain of iron the deeper will the casting be chilled, 
hence a No. 1 open-grained iron can seldom bo chilled. 
Charcoal irons are generally nsed in making chilled castings 
on account of their superior strength. For castings that are 
to be chilled very deep or made very hard, white iron, and 
aometimes steel, is melted in with Ihe charcoal irons. White 
iron makes a casting weak and brittle, and whether steel 
makes a casting stronger is a disputed point, but to harden 
softer irons steel is eflective. 

For heavy castings, designed to stand sti-ains and friction, 
one third No. 1 charcoal and two thirds mottled would 
answer. Mottled iron is generally a strong and close-grained 
iron. Id raising hard grades of iron, requiring finishing, 
open-grained and elcse-grained iron should not be mixed to- 
gether, for it is apt to show an nneven grain in the finish- 
ing. The folluwing receipts have been uecd lor the castings 
noted : 

LOCOMOTIVK CV 



2,600 pounds of car-wheel scrap, 
600 " soft pig. 

These cylinders would ho bo hard that the 
and fins would often he chilled; the casting, when clea 
weighed about 2,400 pounds, 

MARINE AND STA-TIONAHY CYLINDERS. 



One half No. 1 chai-coal, 

" good macliineiy scrap. 

One third car-wheel scrap, 

" good machinery scrap. 
No. 1 
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ROLLING MILL ROLLS. 

Some places make their rolls out of car- wheel scrap only. 
For small rolls, however, if the rims of the car- wheels are 
not chilled over |", and the middle and hub appear toler- 
ably soft and not mottled, the iron would be the right grade. 
The wheels selected to make rolls over 14" in diameter 
should be the thickest chilled ones, and the rolls so made 
would have the edges and fins chilled. 

One half car-wheel scrap. 
One quarter No. 1 charcoal, 
No. 2 

This is also a mixture used for making rolls, and the car- 
wheels should be selected for the small and large rolls as 
above noted. 

Mixture used for making small chilled rolls, which were 
desired chilled 1^", otherwise they would be of no use : 

1,300 pounds of old car- wheels, 
100 '' No. 1 charcoal, 
300 '' steel rail butts. 

Mixture used for making kettles which had to stand a 
red-hot heat all the time, so that the iron had to be strong 
and close : 

1,300 pounds of No. 1 charcoal pig, 
800 " old car-wheel scrap, 
700 ^' good machinery scrap. 

« 

Mixture used to make castings chilled, which are moulded 
all together in sand, the castings being required to stand 
friction and no strain : 
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200 pounds of white iron, • ■':■ 

200 " plow points, 
100 " No. 2 charcoal, 
100 ** car-wheel scrap. 

PULLEY MIXTURES. 

Iron for making pulleys should have as little shrinkage 
about it as possible. It would be a hard matter to give the 
exact proportions of iron to be mixed for them, as the thick- 
ness of the rims and the quality of the iron is what such 
mixtures depend upon. For thin pulleys the iron cannot 
be mixed too soft, sometimes it is best to select the openest 
pigs from two brands of a No. 1, and again two thirds of 
No. 1 and one third good scrap work well. For rims over 
I" thick, often pulleys are easily turned up, if the mixture 
is of equal proportions of No. 1 and good scrap. 

SASH-WEIGHT MIXTURE. 

Two thirds scrap tin, 
One third stone plate scrap. 
This mixture, when melted, made white iron. 

The few mixtures given show how special grades can be 
made or changed. To mix the above iron for machinery 
castings, these mixtures, except the sash-weights, are gener- 
ally costly, and always demand an increase in the price of 
castings. 
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1^ There is probably as much reason for changes in the plan 
of melting iron as there is in moulding jobbing work. Melt- 
era will sometimes get nervous at being ordered to charge 
np their cuj;iola in aa many different ways as there are days 
in the week. A foreman that understands his businesa very 
seldom lays out a system, or u table of charges, for his melter 
to follow day after day, in a regular jobbing shop. The fore- 
man may have various reasons for wanting his melter to 
make all these changes. To-day he may want the enpola to 
melt extra fast during the first of the heat, and slowly after 
some heavy casting is poured, in order to have melted iron to 
feed with. To-morrow, seeing that some moulder will not 
get ready in season, this order may bo reversed. As 
he does not want to keep his men late when it can be 
avoided, he orders tlie cupola charged, so that the men Jiav- 
ing small work can be pouring oft while the large casting is 
being got ready. This casting, that, perhaps, weighs five 
tons, may not he thick in any of its parts, so as to require 
much feeding, and the bottom can bo dropped soon after it 
ia poured. In this way the only moulders kept lute are the 
ones that were gf'ing to kee]) the whole shop's crew behind, 
which, for a shop that pays overtime, would be expensive, 
and, in any case, is Tiot pleasant for the men. 

On some days tlie shoj) floor may be covered with a class 
of work that is better for being poured with dull iron, and 
the nest day the work may be such as to require very hot 
iron. Again, tliere will bo heavy and light castings, reqiiir 
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ing entirely different gnides of iron ; and to complicate 
matters the foremau, if an obaen'ing man, will see that the 
brand of iron is not of the sume grade as the lust car load. 
All of the above causes, to which could be added quality of 
fuel, sometimes make a thoughtful foreman think of a string 
tied full of knots. 

I will try and show in this, two sf the many plans tluit 
may be adopted to meet different conditions that may he 
new to some. One is for melting special grades of iron, and 
the other to retain the bed in a cupolu, after melting a heat 
for a break-down job, or for a piece of casting that is wanted 
in a hurry. 

I worked once in a rolling mill company's foundry, and 
sometimes when everything was abotit poured off, there could 
in the distance be seen some one of the managers running 
towards the foundry as if he meant bueiness. Our ignor- 
ance of tJie cause of his haste would soon be enlightened by 
seeing a team, or some men bringing a pattern. This pattern 
would be given to some comjietent moulder, and two or three 
reliable moulders would be retained to help him. By this 
time all the moulds jtro poured off and the cupola man has 
received instruction not to drop the bottom, hut to jjrepare 
it to melt iron again in the course of three or four hours. 
The way to do this la as follows : Jjcave the blast on until 
yon are sure all the iron in the cupola is melted, and instead 
of dropping the bottom knock out the front breast, and with 
a bent hook pull out all the clinkering coke or coal and iron 
cinder that can be felt or seen. Then fill up the breast hole 
with loose sand, and every five or ten minutes take away the 
sand and pull out again whatever cj inkers or iron cinders will 
have formed, repeating the operation for the first half houi' or 
so, oruntil you are sure that all the drop])ings of iron and clink- 
ers are pulled out. After this, every half hour or so will be 
sufficiently often *■" "'-■ 'i tlie bottom out. The stopping u 
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of the breast every time the clinkera are cleaned out is done 
to prevent the fuel from burning away, and also to keep the 
clinkers and droppinga of iron fram being chilled with the 
air. 

After the cupola is well cleaned out, there should be soma 
fuel shoveled in, so aa to freshen up and keep the fire in good 
burning condition. When the moulders have their mould 
or moulds about ready, then make up the breaet aa usual, 
and shovel in the fuel for a bed, the same height as for a 
regular heat. After it geta to burning, charge up the ii-on 
wanted, put on the blast, and you will eoon have your cu- 
pola melting iron again. The first two or three hundred of 
iron ia generally dull, and sometimes will have to be poured 
into a pig bed. After this the iron will come hot enough 
, for ordinary castings. 

The question of how large a heat a cupola run iti this way 
vpoald melt could not be better answered than by the follow- 
ing : One morning early, two or three men were called ujion 
to mould Up a piece of machinery for a repair job. The meltcr 
and heljiera were called to the shop to get the cupola ready 
as soon as possible. The casting, the weight of wiiich waa 
about 2,500 pounds, waa poui-od about eleven o'clock in the 
, morning. Tiie iron was ali blown down, the breast knocked 
' out, and the cupola treated as above described, itntil the timo 
for the regular afternoon beats, which were never less than 
I 12 tona. Tiie blast was again put on, and after the fii-st few 
[hundred pounds the iron was as good and aa hot aa usual. 
I The time that the cupola waa lield from one heat to another 
I -was about four houra. The size of this cupola was a five-foot, 
I shell. 

F To prevent the mixing of different grades of iron, when 
I melted at one heat, has been the cause of a deal of thought 
I and many esperimenta withfoundrymen. Iknowof afoun- 
I dry ownerwho makes a jiractico of melting only one grade 
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o! iron at a time. If he has a roll to cast, he will only clii 
up IJif iron weighed off foi" it. The blast will then be 
on and all the iron in the cupola melted und tapped out 
The blast is then stopped aud the bed renewed with coke. 
Another grade of iron is then charged iiji and all melt«d 
down. I remember one day he made three distinct bh 
outs during the same heat. The first was about 7,000 
pounds for a roll ; the second, aboat 2,000 for soft work, aud 
the third was common iron to finish off u heat of about 8 
tons. The size of the cupola that this was done in 
about a four foot six inch bIicII. This same gentleman 
a reputation for turning out castings of the grade of iron 
wanted, and it is owing to no more nor less tlian the way he 
charges up his cupola, and iu being particular in the mixing 
and selection of his iron. The objection to this style of^ 
melting is that there is a little more coke used, and it taki 
from half an hour to one liour longer to run a heat off. 

It seems almost an impossibility to run a straight hea^ 
when there are two or three different grades of iron to m) " 
without having them mix more or less, and the Icsa t1 
weights of the different grades to be melted, the more will 
they be liable to mil. For example: Charge an ordinary 
cupola with a regular charge of a sjiccial gi'ade of iron, with 
the usual charge of fuel on top, and so on, charging 
with distinct grades of iron. As the grades of iron melt, 
pour some castings, the weight of which should bo nearly 
the same as the charge. On tiie following day melt the 
special grades of iron by themselTca, and pour some cast- 
ings, and then compare the ninners and gates, and you will 
see that there is a difference. 

It ia generally known that hard iron will melt sooner than 
soft iron, and most fouudrj-mon, when making a casting of 
liard iron, have the hard iron charged first, to make sure of 
having the easting of good, sound iron and of the grade 
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wanted. If they have soft iron to run, it is genentlly charged 
on the top of the hard kon. This is a plan that I do not 
always approve of, as there are always more or less particles 
of any grades or charges of iron left remaining among the 
fuel and on the bottom and sidesof a cupola, and which will 
affect two or three other charges. 

A plaJi that I find to work well, when hard and soft 
iron are wanted, is to melt the hard iron flrfit ; then, in- 
stead of putting the soft iron directly on the top of the 
hard iron, I charge one or two charges of common iron. On 
top of these charges the soft iron will be charged. After, as 
I think, all the hard iron is down, then the common iron is 
tapped out until, by the number of ladles carried off, 1 think 
it is all melted. At this point the soft eastings are poured 
according to the degree of softness wanted. The Eoftest 
casting wanted, if there have been three charges of eoft iron 
charged, should be taken from what is thought to be the 
middle or second charge. 

In some cases-where 1 have only a small amount of very 
soft iron wanted, I charge up the soft iron on the top of the 
bed, Tvhieh should be burning well, and should not have in 
as much fuel byfi-on 4 t C a f ordjnu-y heats. This 
iron will be put in f om n 1 alf ho to one hour before 
any of the other cha s f n a o p t and when all is 
ready to have the rest of tl e cha g p t n, make the first 
charge of fuel (that wh 1 placed b tween the first and 
second charges of iron) la go on , a much larger than 
usual as the bed was left low. By this means the largo 
charge of fuel takes a longer time to get hot, and separates 
the charges of iron more readily. When the first charge of 
iron is melted, the second, or large charge of fuel, will come 
down and raise the bed up to the proper height to run the 
balance of the heat oH. I have by this plan charged hard 

a on the top of soft iron. 
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And when not taking out the soft iron too closely to the 
amount charged up^ the cas|;ings have been as soft as if the 
hard iron had never been charged up. It is in having only 
small quantities of different grades of iron to melt that 
tliere is serious trouble with their mixing together. With 
lavge quantities there is more chance of having castings the 
grade wanted; but even then the melter must use judgment 
in seeing that the iron is charged as it should be, and the 
foreman should be watchful, so as to know that the iron i? 
taken away from the cupola as the grades melt or come 
down. 
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THE TUYERES AND LINING OF A CUPOLA. 

The governors of a cnpola are its tuyeres : it is tlirongh 
them that life and combuBtiork in given to the fuel by rapidly 
supplying air. Withoutiiir there can be no fire, for tlie oxygen 
air contains, when combined with the carbon in the fuel and 
ignited, gives to ua heat or flame, so timt the lasiev we supply 
this oxygen to the fire, the greater the amount of heat we 
obtain, Chemista tell ua that two atoms of oxygen combined 
with one atom of carbon cause a thorough combustion of 
the fuel, and if more than two atoms of oxygen are supplied 
to one of Ciirbon, it causes a destruction of the fuel by 
making its life short. To obtain the heat for the hot and 
fast melting generally required, our forced itiast of air is 
said to give na more than the two atoma of oxygen, and hence 
we are compelled to use more fuel than we otherwise should. 
There are manufacturers of patent cupolas who claim their 
process will largely prevent this extra consumption or waste 
of fuel owing to certain arrangement of the tuyeres, and 
among the most prominent are the Collians and McKenzie 
cupolas. The best test of these patents ia their practical 
working, which must be seen to be understood. The Collians 
cnj)ola tuyeres are apparently based upon a very scientific 
principle to accomplish the end desired: since, however, it is 
only intended to notice the various cupolas and tuyeres which 
may be used, no recommendation is made. There are every 
imaginable shaped tuyeres used — oblong, triangular, oval, 
square, flat, and round. For each style there can he found 
idy advocates ; but, after all, the plain round tuyere has 
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my preference aa it can be easily replaced, and gives op] 
tunity to har into a cupola, and also as it docs not cool, 
much area aa fiat tuyeres, etc. 

The distance of a tuyere from the bottom or bed is di 
mined by tlje claas of work to be done ; for Instance, 
foundries for making stove plates, the height of tuyere fnihj 
the bed should he from 7" to 15"; while in machine or jobbing 
foundries they should bo higher, say, from one to three feet, 
according to the amount of iron required to be melted at 
one tap. The advantage of low tuyeres is a saving of fuel. 
For melting large quantities of iron, it requires the same 
amount of fuel over a low tuyere as it does over a high 
tuyere. 

Another reason for having high tuyeres for use in machine 
or jobbing foundries is, that a large body of iron is required 
to be melted before tapping out the iron into a ''craofrj 
ladle," The object is to have u large body of iron to retaia, 
the heat, aa sometimes it takeS two or three hours to me] 
cnongli iron to pour a heavy ea,sting. This coni'se also giveai 
time to allow the scrap iron of all deGcriptions and grade^. 
also heavy solid pieces of old castings, to melt and become' 
thoroughly mixed with the new iron which has been added.,] 
A cupola with tuyeres high will melt more and rim 
longer heats thau it would if the tuyeres were low ; but 
there arc times when having both would be an advantage. ~ 
meet this want, there have been two sets of tuyeres applied to 
the cupola, and placed one above tlie other. These can be 
easily arranged, so that either set may be employed to 
vantage, using the high tuyeres for heavy lieats, and the loi 
tuyeres for light heats. 

The openings of the tuyeres not in use are to be stopped 
■with clay. Sometimes the spout and breast of a cupola can 
be so arranged as to raise or lower it, thus affording an 
opportuniiy to put in a high or low sand bottom, a plan 
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which not long ago was used by the author in a 50" capok, 
and found to work satisfactorily. A very convenient form 
of alarm for indicating the highest limit to which the melted 
iron is allowed to rise in the cupola will be readily uiider- 
stood by the following description. Referring to the accom- 
panying engraving, it will be observed thai the melted iron 
has readied the highest limit allowable, and is running 
through tlie tuyere hole into a small cast-iron box, having 
an inclined wooden bottom. 

This bottom, shown at X, has three holes of one inch 
diameter, bored thi-ough within i", allowing sufficient ma- 
terial to prevent the wind from escaping. 

Tlie bottom is held up tightly in place by a piece of round 
hiron and u wooden wedge, as shown, Tliis device should bo 
attached to the tuyere nearest the spout F, so as to be easily 
observed. It is of essential importance to have the tuyere, 
to which the alarm is to be attached, aliout one inch tower 
than the rest, in order that the alarm may be given in time 
(Ao prevent the melted iron from runinng out of the higher 
f-tnyeres into the pijies Q, D. When the melted metal rises 
"to the height of the low tuyere, it will run into the alarm 
box, filling the holes and burning through the wooden bot- 
tom to the floor almost instantly. A ladle could be placed 
under the alarm to catch the melted iron, if desired, without 
doing any injury. Several extra wooden bottoms should be 
kept on hand to replace those burnt out. 

The tuyere valve, B, forms a very convenient air-tight 
opening, and furnishes the means to bar into the cupola, or 
inspect the same, as a piece of mica is fastened into the open- 
ing e, with putty. 

The application of the alarm described, to a cui>ola, eflec- 

illy prevents the excitement which usually prevails in a 
(undry when the melted iron overflows, resulting in heavyj 
of eastings. 
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The workmen are frequently and sometimes badly burned 
by accidents of tbis kind ; and tiiere are mauycupoloB in use 
having quantities of iron in the wind boxes and pipes, tbua 
obstructing the passages. The pipes are frequently destroyed 
by the liot meta), while in others they have to be patched. 
The workmen have to rely upon their judgment generally to 
determiDe_the height of the iron in the cupola, and some- 
times are deceived. In some instances the tuyeres are so con- 
structed that an alarm coul d not be applied to thom ; in such 
eases 1 would recommend the application of a blind tuyere 
one inch lower than the working tuyeres, and attach the 
alarm to it. This useful appliance is, I believe, original, 
and is hereby given to those who may wish to use it. 

The lining of a cupola should always bo built solid and 
close. The fire-clay placed between the bricks ia only to 
make an air-tight joint, and the less clay used the bett( 
The elay should be mixed with water, and very thin, bo th| 
by dipping the bricks into it sufficient clay will adhere to 
them to form a tight joint. Each brick should be ham- 
mered until all the superfluous clay is squeezed out from the 
joint. A cupola liued up in the manner described will last 
one third longer than when the bricks are laid iu thick clay, 
keeping the bricks apai-t ; and as the clay has not the power 
to resist the intense heat, it soon cmmbles away, leaving the 
joints exposed to the action of the fire. In mixing clay, some 
advocate the addition of one third aliarp aaml. A \evy good 
plan is to boil the clay and sand together in a pot, as they 
will become more thoroughly incorporated. There are three 
courses or thicknesses of bricks used in lining up a cupola. 
Some foundrymen line np their cupolas with a four-inoh wall, 
kee])ing the bricks back fi-om half an inch to one inch from 
the shell of the cupola, filling the open space with clay, mak- 
ing a wall of about five inches thick. AV'hen this course 
adopted, the man in charge need not be surprised some df 
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after the bricks have burned out a little and a heavy heat 
raiEed, to sec the cupola shell got red hot, and perhaps a bol 
burned in it. I claim that the safest and best way to line a 
large cupok is with an eight-inch wall, as with that thicknc:ss 
of bricks no feara need be entertained in running off heavy 
heats, and wlicn the inside four-inch lining is burnt out, 
may be replaced without disturbing the other four-inch lii 
ing next to the shell. 

When it is impossible to follow the above directions, 
account of the double lining making the ineide diameter of the 
cupola too small, very satisfactory results may be obtained 
by placing the bricks on end, so as to make the back lining 
two inches, and a four-inch lining laid up in front, as shown 
by the engraving. Broken bricks may be used for the back 
lining. The dimensions of fire bricks here given are more, 
theoretical than practical, for some will be 4|" wide, wh" 
others may be 4J" or 5", and varj- in thickness from 2J" to 

Tlie inside lining in this case can also be replaced withoni 
disturbing the 2" lining. The inside lining should not be 
allowed to run too long before replacing, because when it is 
allowed to go beyond a certain limit, pieces of the bricks will 
flake off, raising witli the melted iron, forming an excess of 
slag, causing a retarding of the melting process, and produc- 
ing dirty castings. The dcstmetion of the cupola goes on 
more rapidly under the conditions named. 

A slag hole should be applied to cupolas in jobbing foi 
dries, as it is very essential in keeping the cupola cleaitj 
and forwai'ding the melting when using dirty or burned 
scrap iron, or bad fuel. Any of the foregoing substances 
would tend to make plenty of slag, particularly during a 
large heat. Even with a small heat tliere is more or less 
formed ; and there are many cupolas where the slagging is all 
done through the tapping hole, which is a veiy dirty process, 
besides buiniiig up llie ladles when there is much slag. Thej 
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proper place for a slag hole is behind the cupola, because it 
is out of the way. It should be located three or four inches 
below the tuyeres. When slag is forming, and it is desired 
to let it out, the cupola should not be tapped until the slag 
has reached the level of the slag hole ; the hole may then be 
opened and the slag allowed to run until the iron appears, 
when the hole should be stopped. 

The spout should then be tapped, and from 300 lbs. to 
800 lbs. of iron allowed to run out according to the size of 
the cupola. The iron should then be stopped, and in a few 
minutes the slag hole should again be opened, after which 
from one to five tons of iron may be melted without the ne- 
cessity of opening the slag hole again. 

During some heats it becomes necessary to slag out several 
times — depending upon circumstances. A slag hole should 
not be located directly beneath a tuyere, as the blast 
would drive the slag back, preventing it from coming out. 
I believe that if foundrymen whp have been accustomed to 
slag out at the tapping hole would adopt the plan of a sepa- 
rate slag hole, they would be so pleased that they would 
never think of returning to their old methods. 

14 
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^M The various odd shapes given to foundry cupolas are gen- 

^B erally the result of ciroumstauces. 

^M There arc truditions extant of men, who, in coniniGucing 

^B business, could not afford a cupola possessing the proper 

qualities and improvements ; so barrels or tanks were lined 
with bricks and elay by some, while others, who were more 
enterprising, made a square cupola of open sand-plute cast- 
ings bolted together. These make-shifts will do for past 
generations and in localities where there is a lack of capital. 
But the business man who understands how to run a foundry 
economically, insists upon having a firat-elasa cupola, If it 
is to be had. There are two principal styles of cupolas, viz,, 
the oblong and round. 

The former ]H>saGsseB the advantage of allowing whole pigs 
and long pieces of iron to be " charged up," without requiring 
them to be broken in small piccL-s ; the latter style is, how- 
ever, more generally used. Cupolas can be used from 10" 
to 72", or even larger if desirable ; small-sized cupolas are 
genemlly made with swivels, for the purpose of dumping 
them when tliey have melted their small beat. The small 
cupolas are only practicable for melting small quantities of 
iron, as, for instance, casting some light job or testing new 
brands of iron. To run a foundry with the intention of 
making money, no one should stact with a cupola less than 
20". The common sizes of cupolas range from 30" up to 48" 
(these measurements are inside diameters). The amount _ 
of iron a cupola will melt depends greatly upon the i 
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agement. A 20" cupola should melt two tons, a 30" 6ve tone, 
aud a 4S" fifteen tons. ImprovenienfcB on the inside of cupolas 
have been attempted in various diractions, but thus far tho 
common straight cupola, as shown in the cut, has not bceu 
improved on, 

I have often thou'ght that the simpler the construction of 
a cupola the better will bo tlie results, and the longer I live 
the more I believe this to be true. Just take a good look at 
the inside of a choked cupola, and then think how long 
and how much work it would require to keep any portion of 
it in an octagonal, hexagonal, or any analogous shape, and I 
think yon will conclode that such fonns were not desirable. 
A phiin, round, straight-lined cupola, made with the bottom 
larger than the top portion, is the host for cupohis nuder 
30", Above 30" there will not bo any trouble from having 
the bottom and top of the same diameter ; and, to my mind, 
6 cupola ahould not be ^miiller at the tuyere, unless more 
than 48" in diameter — inside measurement. 

In small cupolas there is gcnendly difficulty in respect to 
choking, which occurs when the cold blast has not a suffi- 
■fflent quantity of fuel to make it hot before it reaches tJie 
ftenter, and also from the liability of the pig and scrap 
iron becoming fast in its downward flight ; by making these 
small cupolas larger by 3" or i" at the bottom than at the 
charging door, the iron and fuel become looser as they de- 
scend. Larger-sized cupolas, made tho Bmallest at the tuyeres, 
which is the plan of the McKenzie, and is patented, gen- 
erally give good results, for there is some fuel saved., and 
the blast brought with more force into the center of the 
cupola or fuel. 

The height to make cupolas ranges from 7 to 14 feet, the 
height increasing as the diameter is enlarged. High cupolas 
Jtoonffne or hold Iho heat, and make the iron hotter, and 
unolt it faster when it gets down to the melting point than 
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low cupolas. The number and size of tuyeres the cupola 
Bhould have depends somewhat upon the shape and eon- 
Btructjon of the tuyeres. "With a plain round tuyere 



A 20" cupola should have two 4" tuyeres 
A 30" " " " three 4i" tuyerea 

A 40" " ■' " five 5" tuyerea 

A 48" " " " aix 5^" tuyeres, 
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all evenly divided around the cupola. 

The area of the main pipe which carries tLe blast froi 
the fan or blower to the cupola ahould, for larger-sized' 
cupolas, have a greater area than the tuyeres, to give more 
force to the blast as it passes into the cupola. For small 
cupolas it is best to have all the same area ; also all right- 
angled turns in blast pipea should be avoided, as they break 
the force of the blast. 

Good management in melting iron is only indicated to the 
observer by the amount or weight of iron or fuel used in 
chai'ging up a cnpola, and the time consumed in melting. 
This information is good as far as it goes. A man know- 
ing this much, if he had the cupola prepared, could charge 
it up and melt iron, and liave a reasonable success so long 
as the grade of iron, fuel, and working conditions did not 
change. 

It is more difficult to prepare a cnpola properly than is 
popularly thought. The first "thing a cupola man generally 
does in the morning is to put away his ladles and shanks, etc., 
and if he Las any helpers they may assist hira, or be gather- 
ing the scraps and gates. Some places will " jingle " their 
small gates so as to cause the cupola to melt faster and 
cleaner. After all the tools are put by, the melter will be 
getting the ladles ready, while the helpers are getting thi 
cinders away from the cupola, and mixing the clay for hj 
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Next tho mclter will go in M^e the ciipoJa and pick it out with 
a small, ahai-p pick, boing careful not to break or disturb 
the face of the britks, foi- if they can be left with the thin, 
glossy skin or cinder forn led upon the surface of the brick 
by the use of the fluxis .."nd from the heat, it will often 
stand the (ire and blast bett er than some of the cluys used. 
After tbe cupola is picked ,i>ut it must be daubed, and in 
doing this many melters think the melting point, or that 
part of the inside that gets burnea' out, should be filled u 

o as to be level with the rest of the ibsidc ; but this ehool 

lever be done. 

In looking at the cut shown herewith, there is seen one '" 
side of the melting |xirtio)i duuljcd up, so as to till np all 
this burned or molting surface even with tbe upper and lower 
pai'ts. This is one cansc for cupolas getting choked before 
they have run half of the heat oft that ibey would if daubed 
up us shown on the opposite side at V. Too much clay 
daubed on the lining will only bag down, as shown at fl, 
and make it too heavy to hang on the lining or bricks. ^lietri^B 
the blast is put on, the commotion of tbe fuel and iroilBm 
against it will soon start and cause it to come away from the' ' " 
lining and mix in with the fuel and iron so as to cause a 
large amount of slag. It will also form a bridge over the 
tuyeres, thereby preventing the blast from getting into or . 
among tbe fuel. When this daubing falls off, the iron a 
fuel will get in over the bridge, and cool and chill so as i 
soon bung up the cupola, and stop the melting. To prop* 
daub a cupola there should not be more than one inch ffl 
clay on any part, and when the lining is burned out IS 
spots there should be some pieces of fire-brick built in with i 
tbe clay, to save having large lumps of wet clay to dry and 
to cause trouble when the blast goes on. The melter should 
be very careful in mixing his clay to have just tbe right 
quantityof open or sharp snnd mised in with it, as too littla— 
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? when drying to crack open, and too much 
destroys the body of the clay. 

The best clay for daubing is fire clay. When the melting 
point or surface is so badly burnedout that from J to 1 inch 
thickness of clay will not keep the iron shell from getting 
red hot, that portion of the cupotashould be relined at once. 

The lining of a cupola will last twice m long where good 
fire-clay is used in preference to the common clays so 
frequently used. It costs more to purchase fire-clay than 
the common red or blue clays ; bat a& to the question which 
iG the chea[>est in the end, it may be noted how very costly 
it is to relinc a cupola every few months. When a melter 
in picking out the cupola aces that it is burnt out in 
some places more than in others, ho may be sure that some- 
thing is wrong ; cither the charges have not been put in 
evenly, or the cupola has not been daubed properly. These 
two things ai-e sure to cause uneven melting. After the 
cupola is daubed, put np the bottom ; this is generally done 
by propping up a section or one half of the door, and then 
shoveling up the sand, after which the balance of the door 
or bottom is permanently propped up as shown. Very large 
cupolas sometimes have the drop-door in four sections, 
medium-sized cupolas in two, and in those under 30" the 
drop-door is made all in one piece and hung by two hinges. 
Drop-doors are sometimes made of wrought or boiler iron, 
BO as to make them lighter ; cast-iron ones being too heavy 
to pat np easily. 

The sand used to make the bottom with is picked up 
from the gangways, or from dirt piles ; sand for forming 
bottoms should not be in the least loamy, for it would be apt 
to bake hard, and not allow a bottom to drop, especially in 
Bmall-sized cupolas. Many a man has been burned in en- 
deavoring to pry down baked bottoms. It is also bad to use 
rotten or very open sand, because the iron is apt to wash it 
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away. It is advisable, after the sand is rammed down and 
the nhapo of the bottom formed, to coat it with clay wash, 
fur by BO doing a firm crust will form on the enrface. The 

sand should not be too wet, or rammed too hard, as either 
will cause trouble, just as the bottom of a green sand mould 
does from wet aand or hard ramming. The author has seen 
a cu]»ola bottom blowing bo that the Band was lifted enougli 
to lot the iron run out at the bottom, A bottom should be 
made Bloping, as shown in cut; this is to make it certain that 
the iron will all run out. If a bottom has too much slope it 
will cause the iron to rush out with force, and hence make it 
difficult to stop it ; while if there is not enough slope the iron 
is apt to ohoke np at the breast or tapping hole when it first 
commences to melt. Putting in the front or breast in a 
cupola should always be done intelligently, or there will be a 
failure of some kind. The front of cupolas is made large 
enough to admit shoveling the eand through them to make 
the bottom with, it desirable. When the lining of a cupola is 
over 6" the brick had better be cut away from around the 
front, 80 as to form the tapping hole of a proper length ; a 
long tapping hole will always be troublesome if tho iron 
chills in it, and also it makes an ugly-looking front. A 
tapping hole should not be over 3" long, and made with 
clay, so that the working of the tapping bar and washing 
of the iron will not wear it away. The front or breast can 
be rammed with a mixture of clay and new moulding sand, 
or let the whole front, including the tapping hole, be 
formed from a stiff clay. Some melters do not put in the 
frontuntil the fire ia started, using the fuel for a hacking to 
ram against ; others will make it half up before putting in 
the fuel, aud then, after the lire gets buruing nicely, they 
will put in their draw "'"" and make up the balance. 
A good plan ia, wh*"" * is large enough, to have 

a board wit>- e tapping draw plug held[l 
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up against the inside, while one rams or packs up the front 
until solid, after which, with a trowel, make the inside of 
the hole of a conical shape, as shown, and make the clay 
smooth and even with the hrick-work ; also it is well to 
have some clay in place of sand to form the bottom for 
4" or 5" beyond the inside of the breast, so as to prevent 
the tapping bar from making a hole in the bottom. For 
small cupolas sometimes a piece of a board set in against the 
hot fuel is used to form a backing to ram or pack the breast 
clay against. The spout of a cupola is made while the breast 
is being formed, and dried a little with charcoal, or some hot 
coals, before the cupola is charged. In preparing a cupola 
most every cupola man has some method of his own, for it 
is a branch of the moulder's trade that men are generally 
left to manage or pick up by themselves as best they may. 
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DEL AND CHARGING IRON. 

To melt iron we must iise fuel, und by ttie quality and class 
of fuel used the nature of the iron ia more or lesg clianged. 
Fuel that conbiius an unusual amount of salphur will 
always make the iron hard, and also create a quantity of 
slag. A good method of legting fuel before ueing is to 
make a piece red hot, and let it drop into a pail of water; 
then by practice it is possible to tell by the smell if it coi 
tains an unusual amount of sulphur. More trouble ariBes 
from using coke tlian coal, from the effects of the sulphur. 
Coal generally makes a purer and softer casting than coke. 
The percentage of fuel required to melt iron depends upon 
the height of tuyeres, pressure of blast, and the quality and 
grade of iron used, as well as on the construction of the 
cupola, and the quality of the fuel. With coal or coke that 
is hard and clear less fuel is required than if it is soft and 
flaky. It requires more fuel to melt heavy iron than to 
melt light, and all pig iron requires more fuel than heavy 
scrap on account of the sand on the pigs. The stronger the 
blast the higher it is forced through the hot fuel before it 
becomes heated by its union with the fuel to its 
tempenttnre. When there is too much fuel for a bi 
not obtain the full benefit of the greatest point of temj 
ture, as the iron is raised up above it, and since it melts 
a decreased temperature it will not melt so fast. The same 
is true when the bed or fuel ia lower than this point, and it 
ia worse to have a low bed than a high one. for a low bed 
will cause dull iron. For the iron, when it is melted. 
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obliged to drop throagh this greatest point of temperature, 
aa iron does when melted Upon the liigli bod, and further, 
the bliist ia colder in the low bed than in a high one. A 
workman, to do RAPID or economical melting, Bliould vaiy 
the height of hia bed until he gets the iron hot enongli and 
melting in the fastest time. He sbould also be careful in 
the management of the cupola, and particular in charging it. 
5here are hardly two cupolas tliufc will be found to have the 
same blast pressure. Attached to the lust cupola ia a water 
glass tube inaerted in the wind box, with a cork on its end to 
prevent its breaking. Atubethnaappliedandfilledwith water 
will show in inehea the pressure of the blast on the outside of 
the cupola ; but to determine the inside pressure ia a hard 
matter, for the inside diameter of the cupola and size of the 
tuyeres will always cause the preasure to vary. It is not 

Iways true when the pressure ia high on the outaide that it 
i(r the same on the inside. There will generally bo the most 
"Jtressure shown toward the latter end of a heat, and this is 
caused by the tuyeres and fuel in the front of them being 
choked more as the melting increases. The pressure of blasts 
used will be found to vary from eight to twenty inches. It 
refjiiirea a stronger blast to melt iron with coal than with eoke. 
A weak blast will cause slow melting, and too strong a blast 
ia apt to harden the iron and make slag, since its power will 
[t the clay and lining. Coke will melt iron faster thau coal, 

ind a cupola should melt longer with coal than with eoke. 

Coke and coal are often used together. In sections where 
coal is the more expensive of the two, some foimdries make 
a pmetieo of filling up to the bottom of the tuyeres with 
coke, and then making the balance of the bed all coal ; and 
between the charges of iron they will throw in fi'om one 
fourth to onotliird the amount of coal to that of coke, put- 
ting the coal iu first, which is a good plan to adojifc in coke 
;ion3 when there is a very large heat requii-cd. Again, 
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Bomc will nae all coke for the bed, and use a liUle 
between the charges, and others will bave the order chi 
using 8ome coal on the bed and none between the charges. 
The height of fuel required to form the bed ia lower for 
coal than coke ; eighteen ineiiea ia about the avei-age height 
for coke, and twelye inches for coal. Above the top of the 
tuyeres medium-sized fuel will give better results than large 
lumps of coal or coke. In melting, the email fuel maki 
hotter and more compact fire. Imperfectly started 
have often caused many bad castings. Meltcra are ofl 
seen putting on a weak blast to make their fire bum up, 
that they can commence cbarging np their iron, and often- 
times meltera cannot obtain dry kindling wood enough to 
properly start the fuel. But as a general thing the melter ia 
to blame for the careless manner in which be goea about 
his work. Sometimes he will not take the paiua to split up 
planks or timber as small as they should be ; again, he will 
not have enough shavings to properly start his wood, or he 
may have a lot of short pieces of wood or blocks, and hai 
will put tliem into bis cupola in aneh a manner that K*, 
stranger would think he was trying to see how small ft 
apace ho could pack thoin into ; or again, be will not have 
wood enough to get the fuel properly lighted, or the fuel 
will only be burning on one side. To properly start a Are a 
good melter always tries to have a well-dried supply of kin- 
dlings on band, and not wait until he wants to use it, and 
then take the first thing bo comes across, even if it ia wet.^ 
Kindling wood is effective when aplit up in loug strips, 
placed endways on a slant against the side of the cupola 
as to protect the daubing as well as to catch fire better ; ai 
if small pieces are used, let them be laid in (he middle aa 
open aa possible, and on top of this kindling do not place 
any more fuel than is necessaiy to kindle additional fuel 
after the wood is all burnt out. Too mi 
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haa put many fires out, or mii<Ie them bum poorly. 
Are does not kindle at first, there ia often dull iron all 
tliroagh the heat, in spite of all efforts to overcome it. The 
proper time to start a fire depends upon the class of fuel . 

A hard coke or coiil fire should be started i 
than a light or porous coke fire, for the hard fuel requires 
longer in order to get it started properly ; hut if the s 
time bo given with softer fuel, much of its life would he 
Inirnt out before the blast was put on. A fire should be 
started soon enough to get a cupola well heated np before 
any iron ia eharged. About the average time of starting 
firea is about two houi-a before the iron is charged, and the 
iron is better to be charged about one hour before the blast 
goes on, as by so doing it will get heated and melt faster. 
Upon the bed of fuel in a cupola ia where iron is molted, and 
the height of this bed should be kept even with the melting 
point until the latter end of the heat, when it can he allowed 
to become lower. To keep up this bed there is fuel put 
between the cliarges of iron, and as they melt the fnel comes 
down on the sinking bed and raisea it up to its proper point. 
By the amount of fuel charged between the charges of iron 
tho character of the melting will be much regulated. To 
make even and rL'guhir melting throughout a heat the melter 
should know what percentage of fuel it requires to melt a 
llicndred pounds of iron when charging, in order to replenish 
'Wie consumption of fuel on the bed. To know the proper 
percentage to uae, the melter must rely on experience as 
practiced in hia own cupola. 

The weight tii iron to use in making charges generally 
depends upon tho class of fuel used, and on the diameter of 
the cupola. With coal, charges need to be made larger than 
with coke. . With fifty pounds of coke between five hundred 

rand charges of iron, in the size of the eupola shown, we 
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cliarge from aiiother. But were the charges thus moAe 
with cool, the ooa) would not separate the charges, luid 
the iron wouiil appear ns if it was one eolid body, from 
the charging door down to the hod. So that in order 
to Bucceesfully melt iron with coal, we must liave more 
iron in the charges, in order to have the right percent- 
age of coal to spread oyer all the iron, and to be strong 
enough to distinctly separate the charges of iron. For 
a small 30" cupola, as shown, when coke is used, the 
ohargea of iron may he five hundred pomida each ; but 
where coid is used the charges could be twelve hundred 
pounds of iron. 

As to wliich requires the largest percentage of coke or coal 
to molt iron, there seems to be a great difference in practice 
and in opinions, but in many cases the quantity of the fuel 
'a the regulator. As a general tiling witii meltera that weigh 
their fuel, and sometimes change from one fuel to another, 
■ they use thesame weight of coal as they do of coke. In melt- 
ing a heat of four tons in the cupola shown, there should be 
twelve hundred pounds of coke used to do it, or with coal 
the same weight of twelve hundred poimda would bo used. 
Again, there are places where they will use a less percentage 
of coal than of coke, but as a general thing the percentage 
is a trifle larger of coal, since it takes a little moro to make 
the bed the height required ; for heavy iieats the percentage 
of fuel should bo larger than for light ones. The reason 
for not showing a cupola of larger diameter la because 
the writer believes there is more skill required to sncceasfully 
melt iron in small cupolas than in a largo one. For a large 
cupola will stand some improper handling, and show no very 
had results, but any improper management in a small cupola 
will be sure to cause more or less trouble. 

The weights of '" % in a cupola will permit much 

variatio'' Among half a dozen cup(d 
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like the one shown, it would not be strange to see them 
charged witii different weights of cliarges. In raeltiug 
iron, the beginner muet observe the following rules. If 
all coke is used, be sure it is about 18" above the top of the 
tuyeres, and burning evenly throughout. Upon tliis bed put 
the first charge of iron, which can be from five to fifteen 
hundred pounds ; then, if there are any heavy pieces of iron 
to be melted, put them in the second eliarge, since if heavy 
pieces of iron are placed in the first charge, or upon the bed, 
there js danger they will sink to the level of the tuyeres, and 
from this cause a cupola will soon get choked; the weight of 
the second and of remainder of the eiiarges should run from 
five np to ten hundred ; and to be safe as to the amouTit of 
fuel, use fourteen pounds of coke to every hundred pounds 
of iron, if the oharge is ten hundred of iron, and let one 
lundred and forty pounds of coke be used between them. 
Jf all coal be used, let its bed be about 12" above the tuyeres, 
and lot the first charge range from fifteen to twenty-five 
liundred pounds, and the remainder of the charges range 
from ton hundred ujt to twenty hundred, the percentage of 
coal between the charges being about the same as that of 
ike. After two or tbi-ee heats have run off, commence to use 
IS fuel, and at the same time carefully change the weigiit of 
"chargea until the beat reaulta as regards economy of fuel 
and hot iron are obtained. If the cupola is a larger one 
than shown, have the fuel the same height above the tuyeres, 
nnduse the same percentage of fuel between the charges, and 
also grade the charges of iron heavier in proportion us the 
cupola increases in diameter. Some make the charges the 
F«ame weight through the heat, while others will make eyery 
ler charge lighter. For the last charge or two of iron the 
ircentage of fuel can be decreased, that is, if tbo bed is in no 
of getting down too near the tuyeres before the last 
,rgea ai-o melted. There can be more economy in fuel 
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practiced by having lieavy charges than by light ones ; hut 
it is not every foundry that can work heavy charges, on ac- 
eoiMit of thoir having diSerent grades of iron to meltduring 
tho same heat. 

In melting iron it is often a great benefit to use a flux so 
as to clean or separate the imiiurities from the iron, and at 
the aame time make it more fluid. A great many foundries 
use limestone or oyster shells as a flux, while others will use 
fluor-Bpar. There are also some patent fluxes in the market, 
for which great merit is claimed. Among them is one pa- 
tented hyEdiPard Kirk, of Oswego, N. T., the author of an 
instructive work on Founding of Metals. 

The patentees of fluxes claim that the use of oyster shells 
or limestone destroys rather than benefits the iron, and 
their fluxes do the iron good by making it stronger and 
softer, while tliu use of too much limeatoue or oyster shells 
will make tiie iron hard ; yet it answers the purpose intended 
in some cases, but oyster sheila are better than limestone. 
In fluxing with either limestone or the oyster shells, they 
should seldom be used until the latter part of a heat, as they 
will then help to clean out the cupola and make it drop better. 
Limestone should be broken up to egg size, and thrown 
among tho iron ; a riddleful being sufiicient to flux a heat 
of three or four tons. A shovelfnl of oyster shells thrown 
in on the last charge of fuel ia a good tiling to help to clean 
out a cupola, as it will glaze the lining and make the cinders 
easier to put out. Fluor-bpae can be used throughout a 
whole beat, as it lias not the hardening qualities which the 
lime or shells possess, and is a good flux for general use. The 
melting point in a cupola is that portion of the lining which 
ia burned out more than the rest, and also that point at which 
from the highest temperature there is the most melting done. 
The melting point or portion of a cupola ranges from ( 
inches to 2 •'^ " 'h« tuyeres, and the iron is somM 
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times melted in the lowest portion, as well as at the middle 
or highest poiut. As the height at which iron may melt is 
often sufficient to contain two or three small charges of iron 
and fuel, it is not a hard matter to see the cause of different 
grades of iron getting misod. 

There will be more damage done at this point hy blowing, 
or having the hlast on, wlien the iron is all melted, than a 
dozen lieats would do if the bottom is dropped, and having, 
according to the size of the cupola, from two up to ten hun- 
dred pounds of iron in the cupola. 

Wherever the blast goes in a cupola, it cools off the fuel, 
and the melting iron, drojjping down from above, falls upon 
this lifeless fuel and is soon chilled by the direct force of the 
cold blast. This state of affaire, from the beginning to the 
end, keeps all the time getting worse in the large cupola as 
well as in the small one. In the largo cupola, however, there 
is more chance of the blaat losing its force and coldness be- 
fore it reaches the center, so that the fuel is given a better 
cliauce for thorough combustion. This permits of running 
a large cupola longer than a small one can be run. 

As soon as a cupola begins to get black and cold at tho 
tuyeres, we say it is choking, Tliis is true ; and not only is 
the entrance being elioked, but in the course of time the 
whole surface parallel with the tuyeres will be in the same 
condition, and as it increases the slower will he the melting, 
until no melting can he done. We then drop tho bottom 
aud have agood time trying to get a hole through the choked 
cupola. 

There are other things besides blast that help to choke a 
cupola, such as improper cliarging, dirty iron and fuel, etc.; 
but, allowing that everything is done right, the cold blast 
will of itself Bccomplish it in the course of time. 

Whenever a tuyere is getting dark or choked, it should 

t opened, the cold black fuel and chilled iron be driven 
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with a bar towards the center of the hot fuel ; this vill 
reheat the cold fuel u!id iron. It ia occasionally a good plan to 
Btop one of the tuyeres at a time with clay, and this will pre- 
vent the cold blast from getting in at thia point, and allow the 
fuel to become rekindled after a few minutes ; then the tuyere 
is reopened, and another on© stopped up, and going thus all 
around to every tuyere. For very large lieats thia operation 
might require to be repeated several times. In charging a 
cupola it should be kept full of iron until it is all in, and at 
the latter end, should there be any serious signs of its be- 
coming choked, it is the best plan to drop the bottom if 
possible. In order to have cupolas work well, cleanness in 
their managemi?at is oE the utmost importance. The fuel 
should be free from all dust or dirt, and the iron have as 
little sand on it as possible. To look on a cupola staging is 
proof of the working of a cupola ; if cTerything appears in a 
dirty and disorderly state, it is in most cases safe to conclude 
that the melting ia not done in a scientific manner. Wliat- 
ever knowledge there is on the subject of melting iron has 
for the most part been obtained from individual investigation 
and practice ; and that man is the beat melter who has studied 
the cause and effect, and reached a carefnl and well-founded 
conclusion in everything that has to be done from the time ht 
begins to pick out his cnpola until he drops the bottouu 
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TAPPING OUT AND STOPPING UP CUPOLAS. 

There is nothing that will at times cause more excitement 
in a foundry than the tapping out and stopping up of tl.c 
cupola, and sometimes the situation is more serious than 
comical. The comical part is to see the melter, when the 
cupola is nearly or quite full of iron, tapping out into two 
or three small ladles, and when he goes to stop up, the elay 
falls off the bod?-stick or gets washed away. The iron flows 
over the ladle, and a spark finds lodging down the man's 
back that is holding it, and he l^ts go the ladle to dispossess 
the hot lodger. The foreman, who is standing by a large 
casting being poured, yells out for the cupola to be stopped 
up ; the melter gets excited, runs the bod-stick without any 
clay on it into the running iron ; the sparks fly and the iron 
runs around his feet. He thinks of his home or family, and 
gets out of it as soon as he can. The foreman, thinking the 
situation is getting serious, runs from the riser he is watch- 
ing to go to the cupola, and when half way there he hears 
yells for water and sand, and, looking back, he sees the cope 
strained and iron running out ; at which point, if he is a 
man that swears, he will exhaust the whole vocabulary in a 
very short time. His orders to stop the blast ; get water ; 
go to the fire alarm — are no sooner issued to some trembling 
being than he hears the moulder cry out for more iron, and 
looks towards the cupola, at which moment a sight of his 
face when he sees the cupola empty and standing in a pool 
of boiling iron, would never be forgotten. 

Such occurrences as these are frequent. I have seen 
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men burned, caatingB lost, and the shop in great danger of 
being burned tbrougli excitement uvound a cujiola. Some- 
times it will be caused by the iron not being carried away 
last enough, but in most cases it is the melter'a fault. Go 
into Bome foundries and you wilt see the melter running hia 
tapping bar into the tapping hole, as ehovn (in cut) at D. 
A stranger seeing him Tould think that ho was trying to 
knock or push in the front breast. 

The position of the tapping bar as shown at X is, I think, 
a more scientific one, for instead of trying to ram the clay 
into the cupola, the bar should be held so as to dig it ont, 
or tear it away at the outside edges of the hole, so tliat tlie 
pressure of the melted iron will j>ush out the center. In 
tapping out this way yon are always digging out the old 
stopping, and keeping a clean hole, and doing it with less 
labor, sledge hammering, and burning away the tapping 
bars, than in any other way I know of. 

I have seen mclters have their tapping holoa, before a 
heat was through, choked 4" or 5", and every time they 
tapped out they would have a man or two striking or 
knocking the liar into the breast with heavy alodge hammers, 
and when in it would take four or five men to pull it out. 

Of course, there is sometimes iron and scrap used that 
wiU make a deal of slag, and it is hard work to keep a breast 
or tapping hole clean, and meltera are often exhausted in 
trying to do so. If they would only once adopt the plan 
here described, they would be astonished at the ease with 
which they could do their tapping. 

In tapping out a cupola for the first ladle, there is 
trouble on account of the iron not melting as fast as it ouj 
to, or as fast as it will ofter a few minutes. The iron] 
eapcciiilly if baH hole, and when tapping out I 

knocked in to get the iron 
' irifh round core, 4" or S" 
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long, made with plenty of aea-coal or blacking, and wbea 
the iron is melting ur at a lair stream, take the core aud 
pngli it into the hole, stop over it, and "when you take out 
for the first ladJe you will have no trouble. 

There is anotlier thing a great many melters have a habit 
of doing wlieii stopping up a cupola. That is, they will 
push the stopping against the running stream to get the hole 
stopped up, which always muses a splatter, and sometimes 
washes the stopping off the stick ; whcrcsis, if (hey would 
hold the stopping above the stream, and when near the hole 
push it down on a slant, tliey would not be so liable to bum 
any one, let the ladles flow over, or, worse yet, let all the 
iron run out on the floor, which often results in large loss. 

The mixtures of stopping have often a deal to do with 
accidents and trouble. About the best stopping for ordinary 
purposes is new moulding sand dampened with clay wash. 
This will not make the iron fly, and will tap out easy. If 
clay is used, it is a good thing to mix in some horse manure 
or sea-coal. This will keep the clay from baking so hard, 
and make it tap easy. 

Instead of having the bod-sticks all wood, the cut B shows 
an iron nipple made to fit on the end of a wooden stick. 
This will save sticks, and should the stopping fall or wash 
off the iron it will not fly so much. At H is shown a 
gouge-ehttped end of s steel tapping bar, which 
handy. 

The stand shown is a rigging that I made one day in o] 
sand after the blast went on. The top plate was cast first, 
and foer half inch round rods cast in it, and when set 
enough turned upside down and the rods cast into the bot- 
tom pliitu. In the top there is a pocket, cast for holding 
the wTought iron arms A, A, which were made of ]" iron, 
with a shoulder to keep them from dropping down. When 
UHe " " '■" re^"'™"' or taken out 



n a 

1 



TAPPING OUT AND STOPPING UP CUPOLAS. 335 

Oil the top, P, is a box for holding the stopping, and under- 
neath is kept a pail of water for dipping the bars into. 
The arms. A, A, form a rest for holding the tapping bars and 
stopping sticks. The stand complete does not weigh over 
seventy-five pounds, and I find it handier than using barrels, 
boxes, or things commonly used for such purposes. 
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To many foiindrymon the iiir furnace is a Btranger. 
Tliere are veiy few shojis that have them. They are used 
for melting heavy bodies of scrap iron, and for melting iron 
for heavy castings. The dificrence between melting iron in 
air furnaceB and cupola ib, that in the cupola the iron is 
melted by being mixed with or on top of the fuel. To 
have sufficient draft to cause a high temperature the air is 
forced into the fuel by theaid of fans or blowers, but with 
melting iron in air furnaces the fuel is entirely distinct and 
away from the iron ; and to get a sufficient supply of air to 
combine with the fuel a very high chimney is used, the Are 
being at one end and the chimney at the other. Tlie iron is 
melted by having the flame and heat drawn OTcr it. The 
fuel that will produce the most flame ia the best, and there 
are different styles of furnaces in use. Some have the iron 
piled up at the end nearest to the fire, and the iron as it melts 
runs down an inclined bed into a well from which it ia 
tapped into ladles. Another style is to have the iron melted 
at the end furthest from the fire, and as it melts it runs 
into a basin midway between the iron and the fire. The 
author worked in u shop that melted up old brass in a small 
furnace after this numner. AltJiough furnaces differ in 
construction tJiey all do their melting hy having the Same 
and heat drawn in among the iron. The style of furnace 
section shown in the cut is similar to that In general use. 
A furnace of the dimensions given should be capable of 
melting from twelve to fifteen tons of iron. The chargioj 
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ftoor, chimney, and firing places are Tery seldom situated 
ilike, since the laying ont of tlie shop and Bnrronndings will 
canse changes. Sometimes a furnace can be easier charged 
if the door is at the end instead of the side, as shown, and 
for facility for firing it is sometimes better to have the door 
on the end. The firiog door is sometimes ou the end, and 
the charging door ou fJie side, and again this order will be 
reversed. When tlic charging door is on the end, the chimney 
is then ou the side, and there is more economy in fuel to have 
the chimney on the end, as more space can be used to hold 
iron. Chimneys should have about the same area inside as 
the grate surface contains, and should be high enough to give 
a strong di-aught. Some furnaces will require a higher 
chimney than others, on acconnt of the shop being located 
in some valley, or alongside of some hill or bank. Charging 
doors should be made so that they ean swing to and from 
the furnace, and be as large as possible. The author has 
seen a furnace that used for a door one side of the fumaee, 
which opened for over half of its bed's length, and after the 
furnace was charged the opening was ail tightly built up 
with fire-brick. A very imjjortant feature in constructing 
furnaces ia to have a good solid foundation under tliem. On 
one occasion wheu the melter went to tap out he was sur- 
prised at finding there was no iron in the furnace. It had 
found a weak spot, and suddenly it leaked ont. It proved 
on inquiry that this same thing had happened once before. 
It was stated to the author that there must be over thirty 
tons of iron buried below the furnace, all caused by its having 
a poor foundation. It dejKnds upon the nature of the earth 
how deep down the foundation should go. The stone or 
brick foundation ia built up within about one foot of the 
top bed, BO as to allow a good bed of sand to be made to 
fo rm the bottom with, iis shown. Some will lay in the mid- 
^of the stone or brick fonndation a coke or cinder bed, to 
15 



1 




I 
I 



AIR FCRHACES, 

help take the gases and steam off from the bottom sand. 
bnilding a furnace the beat of fire-brick should be used f< 
forming the inside with, iind furnaces eliould be made witl^ 
at least a twelve-inch wall ; while the inside eight inches 
mnst be fire-brick, the ontside four inches could be built 
up with common red bricks, and the top of the furnaces 
should be built in tlie form of an arch, and the whole fur- 
nace should be well bound with cast-iron plat«s and binders 
bolted together. Care shonld also be taken that no openin{ 
or crack exists in any form, since if any cold air gets into 
furnace while it is in heat it will be apt to make trouble. 

.When preparing a furnace any parts that may be burnt 
out are daubed with fire-clay. There is a melting point in a 
furnace as in a cupola, but in the furnace it is that point 
which is on a level with the iron when melted. It does not. 
burn out so much as cupolas do, but nevertheless it requii 
as careful daubing as a cupola does. In putting a bed 
bottom in a furnace, it can be raised or lowered according to' 
the amount of iron required to be melted, varying from two 
to five tons more than its average. The lowest point of the bed 
is at the tapping hole, and the highest point is at the chim- 
ney entrance, ranging from 6" up to 12" higher than at the 
tapping hflie. The sand used for making the bed is similar 
to that used for cupola bottoms, but if anything it should ' 
more open. At the highest portion of the beti, where it 
in under the chimney, the sand should be a little closer 
loamy, for when the sand ia of a sharp nature the current 
the draft is sometimes strong enough to wash it with ii 
In mixing this sand care must be taken not to liave it an] 
damper than sand used to mould with, and in forming 
ramming the bed it must not bo rammed too hard. After a 
bed is evenly fonned and given the right slope, inch boards 
are then laid over the top of the sand I)ed so aa to protect 
it from being cut up with the iron. When the furnace 
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being charged np, unless dirty iron is used or a furnace doee 
not work well, a bottom will often stand for two or three 
beatB. 

Making the tapping hole and breast must often be done in 
a reliuble manner, and the Etze to make the tapping bole 
depends upon the class of work to be poured. If the iron 
is to be tapped out into crane ladles, tbe hole sbould not be 
anj.larger than 2" in diameter, but if the iron is to be tajiped 
out in a large basin that will hold all tlie iron there is in the 
furnace, then the tapping hole should be about three inches 
in diameter. A plan for stopping up the hole with sharp 
sand, so that it will tap out without any danger of bursting 
in the breast, is ehownin the article entitled "Reservoirs and 
Ladles for Pouring Heavy Castings." When charging a fur- 
nace, the iron should be kept back a foot or two fi-om the 
tapping hole, for when it is close to it there is apt to be seri- 
ous trouble, since the first iron tliat melts runs to this point 
because it is the lowest ; andif there is iron there the metal 
is apt to become chilled. 

Light scrap, pig iron, or any iron that melts easily should 
be the bottom or first charged iron, and heavy rolls or larger 
lumps of scrap should be the uppermost or top iron, as the 
upper iron gets the most heat, and thus we have the iron 
that is the easiest to melt on the bottom, and the hardest on 
the to]). The light and heavy iron will melt proportionately, 
which is one of the main things to accomplish in melting] 
iron in a furnace ; for if when the iron is most all down, 
there are found ono or two pieces that aro not down, more 
fires will huve to be made in order to get them in a fluid or 
melted state, and these extra fires are apt to harden the ironj 
or burn the life out of it. Iron should iJso be charged us 
as possible, so that the Same and heat can get at the great 
amount of surface. 

What is here meant by the iron beins down is that wh< 
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looking into a furnace by removing the loose bricks from the 
5)uddling holes, wo show that there are no lumps of iron to be 
«een. Connected with a furnace there are the tools A, B, 
C, D shown. Whenever there appears to be any lumps of 
iron that are not melting as fast aa they should do, in order 
to be down with the rest, the meltcr will take the poking- 
■down bar D (of which there should be two sizes), and break 
the half-molten lump into as many small pieces as ])0Bsible, 
and then with the puddling and puUing-down bar C he will 
jnove the lumps into the deeper and lower metal, and there 
,'Tork it round for a while. This work should be done 
quickly, as the leaving open of the puddling holes allows 
joold air to get into the furnace. When the iron is all 
.melted and about hot enough, which is ascertained by dip- 
,plng some out of the furnace with a small hand ladle, the 
..aielter then takes a long stick of wood, and, putting it 
jthroiigh the different puddling holes in tnrn, he mixes or 
[polls np the iron from five to ten minutes, after which, if 
the iron is hot enough and everything ready, the furnace 
can be tapped out. 

For fuel, bituminous coal is the best, as it makes much 
flame. Anthracite coal or coke may be used, hut not with 
a good results as with the soft coal. With anthracite or 
coke there would have to he some blast used. In starting a 
fire, try to have a little good, clear coal upon the grates 
tor the first two or throe flres, as it will help to keep the 
clinkers from forming on the grates, after which a poorer 
g^ade of coal might be used. In firing np there should be 
omo system, so as to keep up an even fire. About every 
tf teen minutes the fire could be supplied with fuel, and aboab ^ 
(very five minutes before firing take the bar B, andbyrunnine. 
'i between the grate bars loosen up the coal. A isaharfor^ 
eveling the coal over the lire grates and raking up the same. 
She grate bars are all made single, sometimes being wrought 
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iron as well as cast. As a general thing, if the furnace has not 
worked well, or not been managed rightly so as to haye the 
iron on the chill side when it is all melted, it is a hard matter 
then to make it hot ; and to have hot iron it must be melted 
hot as it comes down. Trying to make dull iron hot, after it is 
melted, is nearly like trying to make cold water boil by hav- 
ing the heat pass over the top of it. Air furnaces are good for 
producing good, strong iron when properly managed, but 
there are very few cupola melters that would be able to suc- 
cessfully run an air furnace. There have been some very bad 
blunders made in handling furnaces ; often they have had to 
be torn almost to pieces in order to get solid frozen masses of 
iron out, which came from improper management during 
the melting. To be a good air furnace melter a man must 
have brains and practice ; and unless a firm has large, heavy 
iron that they wish to make a business of melting, it is better 
to erect one or two large cupolas, for they will not only melt 
iron with a much less percentage of fuel, but also avoid 
risks which have often to be taken in melting iron in air 
furnaces. 



. I 
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BLACKING MIXTURES. 

It is of great value to a moulder to have a mixture of 
blacking that will peel and make a smooth skin of a dark 
blue color on a casting, and the failure to get it is not 
always because of improper blacking, but due to the method 
of mixing. Clay wash, molasses water, and sour beer are 
liquids that are generally used to mix up blacking, and 
their proportions can always be regulated so as to control, 
in a great measure, the quality of the mixture. In mixing 
blacking for thin castings the clay wash or molasses water 
should not be so strong as in the case of castings over one 
inch in thickness. Too much clay in any form in blacking 
is a bad thing, as it closes up the pores of the blacking, and 
is very liable to scab. Molasses water is valuable to mix 
blacking with, but care must be used as to the quantity, as 
too much molasses will cause it to flake and crack when the 
heat of the metal reaches it, and when the casting comes 
out, if it is a heavy body, it is apt to look veined and streaked, 
as a heavy green sand casting appears when the facing sand 
has been too strong. A half pint of black molasses is as much 
as should be used to a common-sized water pail of mixed 
blacking ; anything in excess of this amount is apt to cause 
trouble of some kind. Sour beer is also of use in mixing 
blacking, and will never cause any trouble unless too much 
clay is mixed with it. Medium-sized rolls and spindles peel 
better by using blacking mixed with all pure water than if 
clay was mixed heavy with the water. It is, however, neces- 
sary to have some clay in the blacking to peel properly heavy 
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castings, but before mixing any we should oloselj e 
the dry blacking to see liow much it contains, as there is 
generjlly more or less mixed in with blackings when origin- 
ully made. Some blacking contains bo much clay that it does 
not require any clay wash added in mixing it for use. The 
finer blacking is ground, the better miiture it will make, 
and good blacking when mixed will not settle down to the 
bottom of the pail, but will grow thicker in time. If the 
blacking is too light it will float on the top while mixing it, 
and Hiich a blacking ehould be seldom uaed ; on the other 
hand, a blacking that ia ao heavy aa to sink to the bottom 
when mixed, generally contains much dirt or clay, and 
should also be rejected. If you wish to make a nice, clean, 
skin-colored casting, below are a few recipes for mixtorea 
which have been proved satisfactory ; 

1 of Lehigh blacking, 
i of charcoal blacking, 
J of German or American lead. 

Wet with beer or molasses water, slightly colored with fire- 
clay. This made a good mixture for cylinders and engine 
castings not over 3" thick. 

J pail of heayy prepared blacking, 
J pail of lighter prepared blacking, 
2 handfuls of flour, 
1 handful of salt. 

Wet with beer colored with fire-clay. 

Molasses was also used, but beer worked the best in this 
mixture. The salt was put in to harden it, and make the 
blacking' ~^t aid the flour to give it a body. The 

tore was not altogether aatisfactory. 
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it somewhat prevented a fine finish, otherwise the mixture 
was entirely satisfactory : 

i of heavy prepared blacking, 
^ of light prepared blacking, 
i pint of good clear oil. 

Wet with beer colored with common clay. The oil was 
put in to harden the blacking, and also to cause a smooth 
and easy finish, and this mixture made a nice-colored skin 
on locomotive cylinders. 

To mix a blacking that will peel a heavy solid casting, 
such as anvil blocks, rolls, or heavy cannons, it is a good 
plan to take either a pure Lehigh or a coke blacking and 
mix it with one third of plumbago, or, as commonly called, 
black lead, and wet the mixture with black molasses water 
colored with fire-clay ; then, after the face of the mould has 
been roughly sleeked over once with the tools, take some 
plumbago and wet it with molasses water. 

Make the mixture thin, and go over the mould with the 
plumbago blacking by using a camel's-hair brush. Next dust 
from a bag or spread on by the hand a light dust of dry plum- 
bago over the mould, and after this finish up the mould. 
By this mixture and plan heavy rolls and anvil block castings 
will drop the loam or dry sand without touching them, and 
the skin and color will be beautiful and perfect if properly 
done. All blacking contains more or less carbon, and the 
larger the percentage the more heat it will stand. 

Any substance put on the face of a mould which will 
prevent the jiot liquid iron from burning or eating into the 
sand and not scab, will help to make a smooth skin or sur- 
face on a casting. 

Plumbago blacking contains more carbon than any other 
in use, and it is said the highest temperature will not melt, 
soften, or change its condition ; therefore when used on the 

15* 
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surface of a mould these results are obtained. All blacking 
is improved by being mixed a day or two before required, 
and in mixing blacking it should be screened from one pail i 
into another several times, that the different parts may be - 
thoroughly mixed and clean. '( 
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LOAM MIXTURES. 

There are certain sands which can be obtained in almost 
any section of the country, and from which, if used accord- 
ing to their clayey qualities or sharpness, mixtures of loam 
can be made. There are two classes of sand which gener- 
ally combine in order to make a loam ; one is of a close, 
clayey nature, and the other a sharp or coarse open-grained 
sand. The clayey sand gives a body to the loam, while the 
sharp sand makes the loam open and porous, so that the 
iron will kindly lay against its surface. 

This subject is more fully treated in the chapter on "The 
Surface of Loam Moulds." The following are a few loam 
mixtures which have worked well, and are given to show 
the proper proportions of parts, and the method of mixing 
loams : 

3 pails of fire sand, 

2 pails of moulding sand, 
1 to 10 pails of horse manure. 

Wet with thick clay wash. 

4 of fire sand, 

1 of moulding sand, 
1 of diy sieved fire-clay, 
1 of white pine sawdust. 

Wet with thin clay wash. 

For a finishing loam, the same mixture would sometimes 
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be used ; the only difference is, that the clay and manure 
shouhl be left out, and instead of putting the sand through 
a No. 4 riddle, it would be screened through a No. 8 sieve ; 
and again, 1 part of fire sand, and 3 parts of moulding 
sand would be used, and the mixture wet with beer. If, 
however, the moulding sand was not too close, it could be 
used by itself if wet with beer. 

Mixtures of loam containing fire sand are in general used 
only in the Eastern and Middle States. The following 
mixtures are of a Western origin, although similar mixtures 
are often used in the East : 

4 or 5 of loam sand, according to clayeyness, 
1 of lake sand, 
1 of manure. 



Wet with medium clay wash. 

Finishing loam is the same, only screened through a No. 
8 riddle. 
Mixture of loam used for making thin pulley patterns : 

2 of fair loam sand, 

1 of old burnt loam, 

2 of lake sand, 
1 of manure. 

Wet with very thin clay wash. 

In the first easting of these pulley patterns only the 
ordinary mixtures were used ; but when the moulds were 
cast, the iron blew so hard thiit but little was left in the 
mould. With the above weak mixtures, however, the cast- 
ings came out all right. ^* times a good thing to 
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use about one to twenty of sea-coal in loam for light thin 
castings. The following mixture 

1 of strong loam sand, 
1 of coarse lake sand, 
1 to 6 of manure, 

wet with water, proved very bad, because the loam sand was 
so clayey that it took too large a quantity of coarse lake sand 
to make it open enough to use. In any loam mixture it is not 
well to have to combine sands which are very close and very 
open, or have to mix coarse sands together in order to make 
a mixture that will work satisfactorily. The nearer to an 
even nature we can get the sharp and the clayey sands, 
when the two are mixed together, the closer we approach a 
natural loam. « 

The great difficulty in using finishing loam mixtures is, 
that they generally close up the pores of the under or coarse 
loam too much, and thereby render a mould liable to scab. 
The following mixture gave results very satisfactorily for 
heavy castings, as the casting came out as smooth as a piece 
of thin stove plate, and this same mixture was used for the 
finishing loam on swept-up rolls. It was mixed as follows : 

2 of old dry sand,"** 
1 of strong loam sand, 
1 of lake sand, 
1^ coke dust or sea-coaJ. 

Wet with water. 

In connection with the following loam mixture the name 



* This was taken out of a dry sand mould mixture, having been used 
once, the life was partly burnt out of it. 
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of Mr. William Fitzsimmotia must be mentioned, since 
he has accomplished by his own genius many valua- 
ble results in foandry practice. His loam mixture, which 
works well, is one that can be made in most any section of 
foundry practice. 

^^M 5i of lake or bank sand, ^^^| 

^ 2J of monlding gaud, ^^^| 

^^^^^^^^L 1^ of horse manure, ^^^| 

^^^^^^^^B clay ^^H 

This loam is mostly sharp sand, and to give it strength 
the clay wash is used. This clay wash is mised in such a 
manner that tliero is a certain quality of clay in every 
batch without fail. The mixing of this clay wash is the 
most important part of the mixtare, and must bo measured 
very exactly by the following plan : Take a large barrel 

tthat will not leak, and for every well-packed pail of common 
clay pot in two full pails of water, and then for every three 
pails of clay put in half a shovel of flour; this will help to 
thicken and ferment the clay wash. Then tlic whole 
should be allowed to stand over night, so as to soak the 
clay soft. In the morning all the clay is thoroughly mixed. 
When the sand is all ready to be wet the three puils of clay 
wash are taken from the barrel and mixed in it. Should 
the sand be unusually dry, so that the three pails of clay 
wash would not wet it enough, use for the balance water. 
If the sand be very wet, use a stronger proportion of clay 
in the wash. If required to use this loam after it is old, 
always wet it with water. This loam, and, in fact, any loam 
is better if mixed two or three days before using, tor it ia 
tougher and more of a loamy nature. 

If a stronger loam is desired, only nse seven pails of sand 
to three pails of clay wash. For a finishing loam mix the 
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same proportions of sand^ but instead of the horse manure 
use cow manure, for it makes a smoother-skinned easting. 
Take 1^ pails of fresh manure, and mix the three pails of 
clay wash with it, rubbing the manure and clay through a 
No. 4 riddle ; then mix it with sand which has been screened 
through a No. 8 riddle. The horse manure can be used in 
place of the cow manure, if more accessible. 

The following is a mixture of loam which can be made 
from moulding and lake or bank sands : 

1 of moulding sand, 

IJ of bank sand, 

1 to 20 of dried sieved fire clay, 

1 to 6 of horse manure. 

Sometimes one to twenty of coke dust or sea-coal is mixed 
with the loam. 

This loam was wet with good clay wash, and worked well 
on the castings. 

An odd kind of sand is sometimes found, resembling 
meal, and looks very much like fire sand, except it is not so 
red. It is more loamy, however, and has nearly as much 
body as moulding sand. Mixed as follows it made a 
splendid loam : 

5 of the meal sand, 

2 of lake sand^ 

1^ of horse manure. 

Wet with medium clay wash. 

All the above clay washes (except when fire-clay is named) 
are made from common red clay, and what is here meant 
by loam sand is a sand which contains more clay in it than 
moulding sand, making it of a loamy nature. 
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The lake or bank sand comes under the head of sharp 
sand, and is always used for an opener. 

There are two bad features mixtures of loam sometimes 
possess : one is, it will not stand the dropping or washing of 
iron on it ; and the other, it will scab. 

Iron borings or filings are useful to use sometimes in loam 
to keep it from cutting, or a little flour will answer ; of course 
this should only be used on that part where the iron strikes 
it directly, as. if used in any other part it might render it 
liable to scab ; a mixture of loam can be so made as to both 
cut and scab by making it of a close, weak mixture. Very 
fine-grained sands will generally scab and cut easier than 
open-grained sands. If a mixture of loam can be made from 
open sand having body enough to stand the iron, it is better 
than to use a close-grained sand in order to give it strength. 
The best mixed loams are those which will stand the drop- 
ping of iron and not scab in any part of the mould, and to 
obtain such a mixture depends much upon the mixer's judg- 
ment and the quality of the sands which he has to use. 
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DRY SAND MIXTURES. 

Dry sand moulding is in many respects similar to loam 
moulding. 

A cut or a scab on a dry sand casting is the result of 
similar causes as scabs or cuts on loam castings^ and the 
mixture of loam used generally calls for about the same pro- 
portion of sand for making dry sand facings. What is meant 
by facing sand is, that sand which forms the surface of a 
mould, and its thickness ranges from one to two inches ; the 
sand which is at the back of this has not such care taken 
with its proportion or mixing. This backing sand answers 
very much the same purpose as the bricks in a loam mould, 
giving support to the surftice. Backing sand should be 
worked as open as possible, so as to allow gases of the sur- 
face sand to escape through it as freely as possible, and the 
facing sand should be worked as open as its strength will 
permit. The dampness of the sand should not greatly ex- 
ceed that of green sand, as the wetter the sand when used, 
the harder and closer will it be when dried. A dry sand 
facing frequently is made wetter for some jobs than for 
others. If a mould takes three or four days to ram, or if 
that time elapses before it can be finished ready for the oven, 
the mixture should be made damper than if it was to go in the 
oven the same day it was mixed. In making dry sand facings 
it is better to have them well tramped and mixed, as by so 
doing it will give strength and toughness to them. The fol- 
lowing are a few mixtures that will give the proportion and 
afford an idea how to make dry sand mixtures : 
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12 pails of lake sand^ 

12 pails of strong loam sand, 

4 pails of moulding sand^ 

1 to 10 of coke dust, 

1 J of flour. 

Wet with water. 

The above was used for the teeth of a large spur-gear 
wheel, and it worked well. This mixture would be too close 
for flat surface moulds, but for the , teeth of gear wheel 
sand, it is better if worked closer, for. the teeth will hang 
and mould up better, and as long as they are well vented 
there is very little risk of scabbing. 

The following mixture was used for making a large bevel 
wheel, and the sand was made more open because the teeth 
were on a bed, and therefore there was no danger of their 
dropping. The sand could be made more open, and thus 
lessen the danger of scabbing, which is a thing dry sand 
bevel-gear wheels are sometimes liable to do. 

The Jersey sand here mentioned is similar to a fine lake 
sand, except it is whiter ; it is a sand somewhat like fire sand, 
and has more of a body to it than lake sand. 

1 of moulding sand, 
1 of Jersey sand, 
1 of fire sand, 
1 to 16 of sea-coal. 

Wet with thin clay wash. 

The following mixture made a close facing, but was one 
where there was danger of scabbing : 

1 of close loam, 
1 of open loam, 
1 to 16 of sea coal. 

Wet with clay wash. 



DBY SAND MIXTURES. 355 

There are sometimes places where a loam sand cannot be 
procured ; in such places the mixture below will be found to 
give satisfaction. 

6 pails of moulding sand^ 
li pails of lake or bank sand, 
1 to 30 of flour. 

Wet with clay wash. 

This same mixture was used for backing, only it was not 
mixed so carefully, and about 1 to 40 of flour used. With 
this mixture cylinders, as well as jobbing work, have been 
cast. 

Another mixture for cylinders is : 

4 of fair loam, 

1 of lake, 

1 to 14 of sea-coal or coke dust. 

Wet with clay wash according to clayeyness of the loam, 
in fact in any mixture where clay wash is used its thickness 
should be regulated by the nature of the sand. The backing 
used with this facing was 5 parts of loam and 1 part of lake 
wet with clay wash. 

A mixture that can be made most anywhere, and is good 
for ordinary work, is as follows : 

1 of moulding sand, 
1 of bank sand. 

Use 1^ of bank sand when it is wanted open, and 1 to 
80 of flour, 1 to 20 of blacking, wet with clay wash, and 
for the backing the same proportion of sand was used having 
about 1 to 30 of flour, omitting the sea-coal blacking. 

The following mixture was made because a very clayey 
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loam had to be used, and to make it work there had to be a 
larger proportion of coarse lake sand. 

6 of strong loam sand, 
6 of lake sand^ 
2 of old dry sand, 
1 to 40 of flour, 
1 to 14 of flour. 

Wet with water. 

The backing was mixed from half lake and half loam 
sands ; the whole mixture was then used for cylinder casting. 

In the same shop rolls were made by being swept up. A 
good mixture for the grooyes was as follows : 

2 pails of old dry sand, 
1 pail of lake sand, 
1 to 12 of sea-coal, 
1 to 18 of flour. 

Made as wet as could be worked with thick clay wash. 
For the body of the rolls the old sand was used, and it was 
renewed as follows : 

16 pails of the old sand, 
8 pails of lake sand, 
4 pails of new loam. 

Wet with water. 

This is a good proportion to use in renewing any old dry 
sand, as there is twice as much open sand used as loam or 
clayey sand. The great trouble with old dry sand is its 
closeness, since every time it is used it becomes more fine 
and dusty, hence a good tbinpr to do with old dry sand is to 
shovel it into a No. 9 by shaking it a little the 
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dusty or very fine portion of the sand will separate from the 
better and coarser qualities of the sand, which when thrown 
in a pile by itself and the fine dust screened out, and some 
new sand added to renew it, will be found to work well. All 
new dry sand mixtures should be mixed in proportions 
according to the nature of the sand and the moulder's judg- 
ment of what is required for his special job. 
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CORE SAND MIXTURES. 
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Cokes are generally used to form the interior portions of 
caatingB, and the least neglect or miBmanagement in making 
them IB apt to cause trouble. Tiiere is no portion of a 
casting that requires such care in respect to venting. The 
vent of the outaide portion of a mould may sometimes he 
confined and no harm done to the casting ; but let tlie vent 
of a core nearly eurrounded with iron be confined, and the 
result is a bad casting. There are two reasons for the con- 
finement of gases in cores ; the first is, they may not be safSi 
ciently vented, or it may be improperly done ; and thesecoof 
the iron ia allowed to get into the vents by not havi 
them well secured or made air-tight in their prints. 

There are three modes of venting cores. The first ia ^ 
using straigiit rods. Tlie second, by using strings, rop( 
or bandf) of straw or liay. This class of venting is ora 
done in crooked cores. Sometimes the strings or ropes a 
coated with wax or soap, and in some cases they are i 
pulled ont until the core is dried. Another plan, som 
times practiced in venting partially crooked cores, is to n 
straight rods iti the straight part, letting them run thronji 
the print as far as they will go into the straight portion f 
tlie core box, without danger of coming too close to t 
sides of the box, and when the core ia dried the crookf 
portion ia then vented by using vents filed or scratched inj 
it, and then passing a string or rope tlirough the b 
vents into the openings made in the crooked part, filling t 
the balance of the filed out openings with a mixture of h 
stifE blacking and core sand : tho" 'he strings or ropes t 
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pnlled out, leaving a clear vent. This plan is practiced 
considerably in the making of cylinder ports, or S cores, as 
they are sometimes called. If there are any doubts as to 
the clearness of the vents, they can be tested by blowing 
tobacco smoke through them, after which the end of the 
vents opposite to the prints are carefully stopped up. 

The THIBD MODE OF VENTING is practiced in the making 
of large cores. In this case the interior portion of the core 
is filled with coke or fine cinders, thus saving core sand and 
firing, as well as affording means to carry off the vent. 

The mixture of core sands depends upon the class of cores 
to be made. For small cores finer sand should be used 
than for large cores. There are two articles, flour and rosin, 
that are used to mix with the core sand, in order to mtike 
them firm and solid when dried. Flour is most commonly 
used, on account of the ease with which it will mix with 
sand. Eosin is good for cores that are hard to vent, as the 
gases escape and ignite freer than when flour is used. 
Bosin cores also will stand the dampness of green sand 
moulds, and, as a general thing, leave a smoother surface 
or hole in a casting than flour. 

The following are mixtures of core sands in use. The 
common mixture of sand for large ordinary cores is 

2 of lake or bank sand, 

1 of moulding sand. 

From 1 to 12, up to 1 to 18 of flour. 

Cores that are not to be handled much can be mixed 
with less flour than cores which are to be fllled and lifted in 
and out of moulds several times, in order to make them fit. 
For wetting the sand some shops use an all clay wash, while 
others will use nothing but water, and again there are a few 
shops that use only beer or molasses water. This makes a 
good strong core, but on account of its expense it is but little 
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used. For such cores as are required to be very firm and 
solid, some foundries do npt use clay wash or water, but go 
to the extra expense of using beer or molasses water, which 
in many cases is advisable. When beer or molasses water 
is used, a less percentage of flour is required. In mixing 
sand for large cores, it is sometimes adyisable to mix it half 
lake or bank sand, and half moulding sand. Having an 
excess of moulding sand will cause the core to hold together, 
while it is green, better than if the sharp sand is used in 
excess, as given in the first receipt. When the core sand 
^. . i^ mixed half and half, as above stated, it is better to have 
the sand wet with some beer or molasses water, so as to give 
the core firmness when dried. Many places mix their sand 
for very large cores as follows : 

3 of lake or bank sand, 
1 of moulding sand, 
1 to 14 of flour. 

Wet with clay wash. 

But cores thus made should be well rodded and rammed, 
especially if the core is one that stands up straight. Such 
a mixture will stand a hot fire better than if more moulding 
sand is used in it. 

For making hard fine small cores a good mixture is : 

3 of moulding sand, 
1 of lake or bank sand, 
1 to 14 of flour or rosin. 

Wet with molasses water, mixed about 1 to 20, or one 
pint of molasses to a pail of water. 

In using rosin, pound it into a fine powder in an iron 
kettle or pot. Sometimes all moulding sand is used, when 
rosin is mixed in it, f^^'^ '^'^am the rosin and flour are used 
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together, the rosin being mixed with it to make the vents 
come off more freely. 

Eye flour is often used for making core sand, and it 
makes a nice open core, and is also good for making paste 
to joint cores with, or may bfe used on the joints of moulds, 
as it is not so sticky to handle. 

To show some of the different ways that core sand is 
mixed for special jobs, the following receipts are given : 

CAR WHEEL CORES. 

6 of sharp sand, 
1 of moulding sand, 
1 to 16 of flour. 

Wet with water. 

INGOT CORES, FOR MAKING CASTINGS TO POUR STEEL INTO. 

66 pails of coarse lake sand, 
66 pails of moulding sand, 
18 pails of clayey loam, 
14 pails of horse manure, 
2 pails of flour. 

Wet with water. 

This mixture made a loamy open core sand, which will 
hang together, with little danger of its scabbing. 

CORE SAND, FOR MAKING SEGMENT CORES FOR FORMING 

OR MAKING LARGE GEAR WHEELS. 

* 

2 of moulding sand, 
1 of bank sand, 
1 of Jersey or fire sand, 
1 to 16 of blacking, 
1 to 20 of flour. 

Wet with thin clay wash. 
16 
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CORES IN HEAVY CASXtNG. 

When cores run through heavy bodies of iron, the hot 
liquid raises the fusible element of the sand to such a high 
temperature that the grains fuse together, so that when the 
casting cleaner tries to get the core out, he finds it almost 
as hard as the iron. A good thing to prevent this fusing of 
the sand is to mix some sea-coal or blacking in it, and to 
give the surface of the core a good body of black lead, or 
plumbago blacking. This outside coat of blacking will pre- 
vent the liquid iron from eating into the surface of the core 
sand, and the sea-coal or blacking mixed in the sand bums 
away and passes off in the form of gas, leaving a porous body 
between the grains of sand, which assists in preventing its 
fusing. In putting rods in such cores as are subjected to 
high temperature, it is a good plan to coat them with two 
or three thick coats of flour paste, and dry them in an 
oven as it is put on ; for by doing this the dried paste bums 
off from the rod, and leaves it free to come out of the 
casting. 
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GREEN SAND FACINGS. 

The nature of the sand with which a green sand mould 
is made affects the quality of the casting to a remarkable 
extent. To make fine light castings, finer grades of sand 
are used, and coarser for the large heavy castings. The 
main reason for using the coarser grades of sand for heavy 
work is, such sands generally have more body to withstand 
heavy heats, and again, coarser sands admit of being rammed 
harder with far less danger of scabbing the moulds. 

It would be a hard matter to definitely show how any one 
could decide if a new grade of sand was suited to his special 
class of work, since a judge of moulding sand must be a 
person of some experience at moulding, or one familiar 
with moulding sand. 

A moulder, in deciding if moulding sand will answer his 
purpose, generally takes some in his hand, and after giving 
it a squeeze, he will then hold the oblong ball by one of 
its ends, slightly swinging it to and fro, to test its hanging 
qualities, after which he will closely examine the gi-ain of 
the sand by laying it on some flat surface. If he should 
observe too large a percentage of quicksand in it, it would 
not be very favorable for his purpose, especially so where 
the sand is to be used for making heavy castings ; in 
fact, for any class of work too much quicksand is very ob- 
jectionable. Moulders prefer a sand having a good body, 
and of a porous nature, for heavy work, and a fine grain 
sand for light work. Sometimes foundries receive sand 
having weeds growing in it. Such sand as this is gener- 
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iilly rich. An occurrence that happened not long 
with Band having weeds in it may here be cited, 
making some large floor plates, the first one was lost, be- 
ciiuse there were some little lumps on the cope side of the 
easting, and underneath these lumps were hollow pli 
Many reasona were given for the failure, hut nothing seemi 
sutisfaetory. Another one was east, and as the shop 1 
only casting every other day, the mould was closed, and 
the day after, just before casting time, the cope was lifted 
off, and then it appeared. Another bad casting would have 
resulted if the casting had been made, for there were little 
Band mounds in several places on the bottom pari of the 
mould, and in looking under the cope there appeared small 
weeds growing downwards. As theBe weeds grew they 
pushed down the sand, leaving the lumps on top, and 
holes in the bottom, which appeared in the first 
ing. 

As a general thing, sea-coal or bituminous facing is mixed 
in with sands for heavy casting, or for casting machinery ; 
but sometimes coke dust is used. The mixing of these 
facings with sand prevents, to a certain extent, the grama 
of the sand from being partially melted, and prevents the 
hot iron from burning and penetrating into the sand. 
There is a limit as to the peraentage of facings to be mixed' 
with the sand, which, if exceeded on the heavy caatii ~ 
causes the iron to eat into the facing sand, and leaves^ 
casting full of sharp veins. 

For light casting, too great a quantity of mixed facings 
apt to prevent the castings from running sharply, or 
cause it to be cold shut. Facings also have a tendency tO' 
make the skin of a casting hard. The proportions in which 
sea-coal or facings are mixed with sand, ranges from one to 
six up to one to tiventij, one to fix being about as strong aa, 
it will stand, so as to not have the casting look veined, asAl 
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one to twenty is about as weak as it can be mixed, to show 
any eflEect on castings. 

For light castings under three eighths of an inch thick- 
ness, facing sand is very seldom used, and for castings rang- 
ing from f " up to 1 J", there is generally one part of sea- 
coal or coke dust mixed in with ten of sand. From 1{" 
up to 2J" it is generally mixed one to eight, and all over 
2 J" is commonly mixed one to seven, or six. In using facing 
sand, it is not always the thickness of the casting which is 
a guide for the strength of the facing sand to be used. 
There are other things to be considered: the first is whether 
it is desired to pour the casting with hot or dull iron ; the 
second, the distance of some parts from the point where the 
iron enters the mould ; and the third, how long a time it 
takes for a mould to become filled with iron. Heavy solid 
lumps of castings have been known to be cold shut, from 
using what might be called facing weak in proportion to 
the thickness of the casting. Strong facing on the sides 
of a mould where the iron runs in and rises up slowly, 
will sometimes cause heavy thick castings to be cold shut. 
The square comers of a casting should have weaker facing 
sand used upon or against them than the straight plain 
surfaces ; and the lower parts of high moulds should have a 
stronger facing used upon them than the upper portions, since 
if the strong facings were used at the most distant or upper 
portions of a mould, as can be done at the lower portions, or 
those near the gates, the castings would be sometimes liable 
to become cold shut. In some places, in mixing facing 
sand, they use one half old heap sand and one half new 
sand ; but the majority of shops use new sand throughout. 
When old sand is used, less sea-coal facing is required. In 
mixing facing sand, it should be well mixed and riddled. 
A facing sand passed through a No. 8 sieve before going 
against the pattern, will make a smoother casting than that 
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passed through a No. 4 riddle. A stronger facing feand 
can also be used on very thick castings, by having it well 
tnimped and mixed. There are many receipts of green 
sand mixtures here given, placed in with the articles, under 
tlie head of Green Sand Moulding. 

A mixture for one job may have to be changed for another, 
although it apparently looks the same, and in green sand 
moulding as in loam or dry sand. The moulder has often 
many points to consider in order to properly make and use 
sand mixtures. 
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CLEANING CASTINGS. 

The general idea of a good casting is one that looks well 
with the least amount of labor spent in cleaning it. Some 
moulders will make castings that require only half the labor 
to chip and clean them which others will. Sometimes 
gates will be cut so clumsily on small castings, that it takes 
longer to chip them than it does to make the mould. Or, 
again, the castings may be all strained and swelled, or 
scabbed ; and when the chipper has spent more time to 
clean it than it took to mould it, the moulder will take the 
credit for its final appearance. 

To properly clean castings is as essential as to properly 
mould them. A well-regulated foundry will always be 
found to have facilities for the cleaning, as well as for the 
moulding of its castings. If possible, castings should be 
cleaned in a department separated from the moulding-room ; 
and for cleaning large castings there should be an ample 
supply of cape, cold sets, hand chisels, and different-shaped 
scrapers and wire brushes, together with a place for each 
class of tools, so that there will be no time lost in hunting 
for them. 

The cleaning of small castings requires vitriol bath tubs, 
and tumbling or rolling barrels. The latter are generally 
used in shops that make small castings a specialty. The 
method of using yitriol, generally employed, is by means of 
an inclined wooden platform, having its lowest point hang- 
ing over an iron or wooden kettle, or box, and in this will be 
placed a mixture of about one third vitriol and two thirds 
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wAer. The caatinga are then placed on the inclined plat- 
form, and a long-handled iron dipper is used to spread the 
mixturo of vitriol nnd water on them. They are then left 
to dry nntil they n]>]K'ar of a whitish-looking color, the 
time required for this being from eight to twelve hours. If 
one application of the vitriol does not remove or loosen all 
the BcuJo, the process must he repeated. 

By the side of tliia inclined platform is nsnally placed an 
iron kettle, or oblong wooden box, with which a water or 
eteam pipe is connected. If cold water ia need after the 
box is partially filled up, the steam is turned on, and the 
water made as hot iih prasible, after which the castings lay- 
ing on the inclined platform are placed in this hot water, 
and when thoroiigiily washed are lifted out. After the 
water is all drained from them, they are placed in a box 
filled with sawdust, so as to prevent them from becoming 
rusted. Wooden boxes lined with lead are believed tg be 
better than others, since vitriol would soon eat iron kettles. 
The hot water into which castings are placed, should be 
often renewed ; for to dip castings in water that has been 
used three or four times is apt to leave a whitish color upon 
some parts of the casting. Before eastings are wet with the 
vitriol pickle they shonld be cleaned, so as to remove all the 
sand and scale, which can readily be taken off ; for the mi 
sand there is remaining, the longer it will take for the pii ' 
to affect them. 

Another plan for cleaning small castings, whose form 
permit, is to place them in cylindrical barrels, so con- 
structed that the castings can be readily placed in and taken 
from them. 

In this method sometimes cinders are mixed with the 
castings, or the barrel may be partially filled with castings 
and some fine shot, and the remaining space filled with loi 
woodcti Muck?. TlicBo blocks, as a general thing, are oi 
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used when there are not enough castings to fill up the bar- 
rel, or when the eastings are of such a shape that the barrel 
could not otherwise be packed tight. 

Light and heavy castings should not be put in a barrel 
together, as there is danger that the heavy ones would break 
the light ones. 

Some shops which have many quite small and light cast- 
ings to tumble, have a large number of star-shaped shot put 
in with them. These little stars are similar to i" or i" 
round shot, with four or five sharp points projecting about 
i". The sharp points find their way into all corners of the 
castings, as the barrel revolves, and the castings are thor- 
oughly cleaned by them. 

The cleaning of large castings is generally done by hand, 

and it is aa essential casting cleaners should be neat and 

. particular in performing their part of the work, as that the 

moulders should be in theirs, if a shop would have the 

reputation of making good, smooth castings. 

16* 
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WEIGHTS OF CASTINGS. 

Vt is no uncommon occurrence for a moulder, in pouring 
castings, to have them run short of the proper amount 
of iron. Not of necessity from a deliberate design, but 
because his judgment has deceived him, either by miscalcu- 
lating the amount in the ladle, or that required to fill the 
mould. In pouring heavy castings the moulder should 
seldom depend upon his judgment, for the risk is too 
great. 

The volume of all parts of a mould should be found by 
careful measurement and calculation, and thus the proper 
amount of iron can be secured. 

Often, even if moulders are good mathematicians, they 
will, to save a little extra labor in calculating, pour their 
moulds by guess-tvork, and sometimes find to their sorrow 
they have been deceived. The following tables and rules 
are given to assist the moulder in this branch of his 
trade. 

The decimals or fractions of pounds obtained are not 
given, since in practice castings can seldom be found to 
weigh exactly what the calculations call for, and the less 
figures a table contains the easier will they be under- 
stood. 

To find the weight of square or oblong plates one inch in 
thickness, multiply the length by (he breadth. Then multi- 
ply the area in cubic inches thus obtained by the decimal 
.2607 (the weight of a cubic inch of cast iron), which gives 
the weight of plate in pounds. Example : 
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To find the weight of a square plate 12 inches on the side 
and one inch thick. 

12" 
12 

Cubic inches in plate, 144 

.2607 



1008 
8640 
288 



Weight of plate in pounds 

and decimals, 37.5408 = 37-^^ lbs. 

To find the weight of round, square, or oblong plates, 
having oblong, square, or round holes in them, subtract 
the volume of the hole from the volume of th^ plate, which, 
multiplied by .2607, will give the weight in pounds. Some- 
times, by referring to the tables of weights of square or 
round plates, the weight of a plate the size of the hole is 
found, which, subtracted from the weight of a solid plate 
the size of the outside diameter or square, gives the weight 
of the ring or plate one inch thick, having a square or round 
hole. 

Knowing the weight of any square or round plates one 
inch in thickness, it is then very easy to obtain the weight 
of thicker plates, by simply multiplying the weight by the 
increased thickness. For instance, if the plate is one and 
a quarter inch in thickness, the weight will be one fourth 
more ; or, if one and a half inch in thickness, will be one 
half heavier than the weights given in the tables. But if 
only three quarters of an inch thickness, here the plate will 
be one quarter lighter in weight. 

In order to test correctness of tables, and obtain the deci- 
mals if wanted, the rules and examples are given as shown. 
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TABLE I. 

FOS B^UAAE PUm 1" THICE. 

For square plates 1" thick. 



37i Ibe. 



68J 
84 



S67 
284 
301 



357 
376 
397 
417 
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TABLE l.'-Coniinued. 



TiKNGTH OF SIDE. 


FOE SQUARE PLATES 1" THICK. 


WEIGHTS. 


41 inches. 


For square plates 1'' thick. 


438 lbs. 


42 " 


(( i< a 


459 " 


43 " 


<< (6 (( 


482 « 


44 " 


a a << 


505 " 


46 " 


<( a <t 


' 528 •• 


46 " 


a c( a 


552 " 


47 " 


ic << a 


576 *• 


48 " 


a a it, 


601 '' 


49 " 


<C 6C (( 


626 '' 


50 " 


(C <( n 


652 '' 


61 " 


a if, a 


678 " 


52 " 


(( if, a 


705 " 


53 " 


a a a 


732 '' 


54 " 


a a a 


760 '' 


55 " 


a a a 


789 '' 


56 " 


i< a a 


818 " 


67 " 


a a a 


847 " 


58 " 


a a a 


876 '' 


69 " 


a a a 


907 " 


60 " 


a a a 


939 '' 


61 " 


if ix a 


970 " 


62 " 


a a <i 


1002 " 


63 " 


a a if 


1035 " 


64 " 


a a a 


1068. " 


66 " 


a a a 


1101 " 


66 " 


a a a 


1136 " 


67 " 


a ic n 


1170 " 


68 " 


a a a 


1205 " 


69 " 


a a a 


1241 " 
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TABLE 1.— Continued. 



LENGTH OF SIDE. 


FOR SQUARE PLATES 1" THICK. 


WEIGHTS. 


70 inches. 


For square plates 1" thick. 


1277 


lbs. 


71 " 




1314 


<< 


72 " 




1352 


a 


73 " 




1389 


iC 


74 " 




1428 


i6 


75 " 




1467 


<< 


76 " 


. 


1506 


iC 


77 " 




1546 


i6 


78 " 




1586 


(6 


79 " 




1627 


iC 


80 " 




1668 


i( 


81 " 




1711 


iC 


82 " 




1753 


(( 


83 " 




1796 


C6 


84 " 




1839 


(( 


85 " 




1884 


66 


86 " 




1928 


66 


87 " 




1973 


66 


88 " 




2019 


66 


89 " 




2065 


66 


90 " 




2112 


66 


91 " 




2159 


66 


92 " 




2207 


66 


93 " 




2255 


66 


94 " 




2304 


66 


95 " 




2353 


66 


96 '' 




2403 


66 


97 '' 




2453 


66 


98 " 




2504 


66 
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TABLE I.— Continued. 



LE176TH 


OF SIDE. 


FOE SQUARE PLATES 1" THICK. 


WEIGHTS. 


99 inches. 
100 '' 


• 

For square plates 1" thick. 


2555 lbs. 

2607 '' 


101 


C( 




2659 " 


102 


6i 


' £ £ £. £. C C 


2712 " 


103 


66 




2766 " 


104 


66 




2820 " 


105 


6C 




2874 " 


106 


66 




2929 " 


107 


66 




2985 " 


108 


66 




3041 '' 


109 


66 




3097 " 


110 


66 




3154 " 


111 


66 




3212 '' 


112 


66 




3270 '^ 


113 


66 




3329 '' 


114 


66 




3388 '' 


115 


66 




3448 '' 


116 


66 




3508 " 


117 


66 




3569 " 


118 


66 




3630 " 


119 


66 


££ • • ^ • 


3692 '' 


120 


66 




3754 '' 


121 


66 




3817 " 


122 


66 




3880 " 


123 


66 




3944 " 


124 


66 




4009 '' 


125 


66 




4073 " 


126 


66 




4139 " 


127 


66 




4205 " 
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TABLE I.— Continued, 



LENGTH OF SIDE. 


FOE SQUARE PLATES 1" 


THICK. 


WEIGHTS. 


128 inc 

129 ' 


lies. 


. For square plates 1" 


thick. 


4271 lbs. 
4338 '' 


130 ' 








4406 " 


131 ' 








4474 " 


132 ' 








4542 '' 


133 ' 








4612 '' 


134 ' 








4681 " 


135 ' 

136 ' 


9 






4751 '' 
4822 " 


137 ' 








4893 " 


138 ' 








4965 '' 


139 ^ 








5037 " 


140 ' 








5110 " 


141 ' 








5183 " 


142 * 

143 ' 








5257 " 
5331 '^ 


144 * 








5406 " 



To find the weight of round cast-iron plates one inch in 
thickness. 

« 

Square the diameter of plate, and multiply by decimal 
.7854, which will give area in square inches, which, mul- 
tiplied by the decimal .2607, will give the weight in 
pounds. 

Example : To find the weight of a round plate 12" diam- 
eter and one inch thick. 
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Diameter of plate^ 



Square of diameter^ 



Area in sqnare inches^ 



Weight of plate in 

pounds and decimals^ 



12" 
12 

24 
12 



144 

.7854 

576 
720 
1152 
1008 

113.0976 
.2607 

7916832 
67858560 
2261952 

29.48454432 = 29^^ lbs. 



The following table gives the weight of round cast-iron 
plates, from 12 inches in diameter to 144 inches, the thick- 
ness being 1 inch. 



TABLE II. 



DIAMETER IX INCHES. 


FOE ROUND PLATES 1" THICK. 


WEIGHTS. 


12 inches. 


For round plates 1" thick. 


29 i lbs. 


13 " 




35 '' 


14 " 




40 '' 


15 '' 




46 " 


16 '' 




52 " 


17 " 




59 '' 


18 " 




66 " 



378 
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TABLE IL— Continued, 



DIAMETER IN INCHES. 


FOR ROUND PLATES 1" THICK. 


WEIGHTS. 


19 inches. 


For round plates 1" thick. 


• 

74 lbs. 


20 ** 


<< iC 66 


82 '' 


21 '' 


66 66 66 


90 " 


22 " 


66 66 66 


. 99 '' 


23 " 


66 66 66 


108 " 


24 '' 


66 66 66 


118 " 


25 '' 


66 66 66 


129 '' 


26 '' 


66 66 66 


139 " 


27 '' 


66 66 66 


149 " 


28 '' 


66 66 66 


160 " 


29 '' 


6 6 6 6 66 


172 '' 


30 " 


66 66 66 


185 " 


31 '^ 


6 6 6 6 6 6 


197 " 


32 '' 


66 66 66 


210 '' 


33 '^ 


66 66 66 


223 " 


34 " 


6 6 6 6 6 6 


237 " 


35 '^ 


66 66 66 


251 ** 


30 ^^ 


66 66 66 


266 " 


37 '' 


66 66 66 


280 " 


38 *^ 


66 66 * k 


296 ^' 


39 '' 


66 .. 66 


311 '' 


40 *' 


6 6 6 6 * £ 


327 *' 


41 ^^ 


66 66 66 


344 '' 


42 '' 


66 66 66 


361 " 


43 '- 


66 66 66 


379 " 


44 '' 


66 66 66 


396 " 


45 ^' 


66 66 66 


415 - 


46 ^' 


i6 6C 66 


434 '' 


47 '' 


6 6 6 6 6i 


453 " 



I 
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TABLE II.— Continued. 



DIAMETER IN INCHES. 


FOR ROUND PTiATES 1" THICK. 


WEIGHTS. 


48 inches. 


For round plates 1" thick. 


472 lbs. 


49 ' 








491 " 


50 ' 








512 " 


51 ' 








533 " 


52 ' 








553 " 


53 * 








575 '' 


54 ' 








597 ^' 


55 • ' 








620 " 


56 ' 


^ 






642 ^* 


57 ' 








665 " 


58 ' 


^ 






689 " 


59 ^ 








713 ^' 


60 ' 








737 " 


61 ^ 








762 '' 


62 ' 








787 '' 


63 ' 








813 " 


64 ^ 








838 " 


65 ' 








865 '' 


66 ^ 








892 ^' 


67 ' 








919 '' 


68 ' 








945 ^^ 


69 ^ 








975 " 


70 ' 








1003 '' 


71 ^ 








1032 '^ 


72 ^ 








1061 " 


73 ' 








1091 '^ 


74 ^ 








1122 *^ 


75 ' 








1153 " 


76 ^ 








1183 " 
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TABLE IL— Continued. 



DIAMETER IN INCHES. 


FOR ROUND PLATES 1" THICK. 


WEIGHTS. 




19 inches. 


For round plates 1" thick. 


• 

74 lbs. 


20 ' 










82 ' 




21 ' 










90 * 




22 ' 










. 99 * 




23 ' 








^ 


108 * 




24 ' 










118 ' 




25 ' 










129 ' 




26 ' 










139 ^ 




27 ' 










149 ' 




28 ' 










160 ^ 




29 ' 










172 ' 




30 ' 










185 * 




31 ^ 










197 ^ 




32 ' 








^ 


210 ' 




33 ^ 










223 * 


' 


34 ' 










237 ' 




35 * 










251 ^ 




3G ^ 










266 * 




37 ' 










280 ' 




38 ^ 










296 ' 




39 ' 










311 ' 




40 * 










327 * 




41 * 










344 ^ 




42 ' 










361 ' 




43 * 










379 ' 




44 ' 










396 ' 




45 ^ 










415 * 




46 ^ 


£ 


*i iC i 




434 * 




47 '' 


a i< < »■ 


453 ' 
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TABLE 11.— Continued, 



DIAMETER IN INCHES. 


FOR ROUND PT.ATES 1" THICK. 


WEIGHTS. 




48 inches. 


For round plates 1" thick. 


472 lbs. 


49 " 








491 ' 




50 '' 








512 ' 




51 " 








533 ' 




52 '' 








553 ' 




53 '' 








575 ' 




54 " 








597 ' 




55 • '' 








620 ^ 




56 '' 








642 ' 




57 " 








665 ^ 




58 " 








689 ' 




59 '' 








713 ^ 




60 " 








737 ^ 




61 '' 








762 ' 




62 '' 








787 ' 




63 '' 








813 ' 




64 ^* 




< a » 




838 ^ 




65 '' 




< i( a 


865 ' 




66 ^^ 




( 6 i k k 


892 ' 




67 " 




i * • i 


4 


919 ^ 




68 " 




% % % i 




945 ' 




69 ^^ 




i ( i k 




975 ^ 




70 '' 




( (•'• i 




1003 ' 




71 ^^ 








1032 ' 




72 " 








1061 ^ 




73 '' 








1091 ' 




74 '* 








1122 * 




75 " 








1153 ^ 




76 ^^ 




( i( i( 


1183 ' 
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TABLE U.—Caniintied, 



DIAMETER IN INCHKS. 


FOR ROUND PLATES 1" THICK. 


WEIGHTS. 


136 inches. 


For round plates 1" thick. 


3787 lbs. 


137 '' 


« t( i( 


3843 " 


138 " 


i< ic te 


3899 '' 


139 '' 


<c a i( 


3956 " 


140 '' 


tc a ic 


4014 " 


141 '' 


a c( fc 


4071 " 


142 ^• 


iC 6i CC 


4128 '' 


143 '' 


<< C( (C 


4187 " 


144 '' 


(< (( 1 <( 


4246 " 



To find the weight of cast-iron balls. 

Multiply the cube of the diameter in inches by .1365,* 
and the product is the weight in pounds. — HaswelL 

Example : To find the weight of a ball 12" in diameter. 
Diameter of ball, 



12' 
12 



Square of diameter. 



144 
12 

288 
144 

1728 



1728 
.1365 

8640 
10368 
5184 
1728 



Cube of the diameter 
in inches, 

Weight of ball in . ) 235. 8720 = 235 V'jV lbs- 

pounds and decimals, ) ^ " " 

To find the weight of a hollow ball. Take from the table 

the weight given for ball having the same outside diameter, 

and subtract from this the weight given for a ball of the 

same inside diameter; or multiply the difference of the 

cubes of the exterior and interior diameter in inches by .1365. 

* The volume of a ball can be found by multiplying the cube of the 
diameter by .5236. The product mw\t\pl\oA b^ H^'X (t^i^ weight of a 
cubic inch of cast iron) w\\\ give Wve ^^re\^\vt. \xv^«vixvJ\<&. 
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TABLE Ih— Continued. 



IIAMETEB IN INCHES 


FOR BOUND 


PLATES 1" 


THICK. 


WEIGHTS. 


106 inches. 


For round 


plates 1" 


thick. 


2300 lbs. 


107 " 


(( 


a 


ii 


2344 '' 


108 " 


t< 


a 


ii 


2388 " 


109 " 


i( 


ii 


ii 


2433 '' 


110 " 


a 


ii 


ii 


2477 '' 


111 " 


i i 


ii 


a 


2523 " 


112 " 


(i 


ii 


ii 


2568 '' 


113 " 


• • 


a 


ii 


2614 " 


114 " 


» % 


ii 


ii 


2661 " 


115 « 


» »' 


ii 


ii 


2708 " 


116 " 


i( 


ii 


ii 


2755 '' 


117 " 


i< 


ii 


a 


2803 '' 


118 " 


ii 


ii 


ii 


2851 " 


119 " 


ii 


ii 


ii 


2900 '' 


120 " 


r 


ii 


ii 


2948 " 


121 " 


ii 


a 


ii 


2998 '' 


122 " 


ii 


ii 


ii 


3047 '' 


123 " 


ii 


ii 


ii 


3098 '' 


124 '• 


ii 


ii 


ii 


3148 '' 


125 " 


ii 


a 


ii 


3199 ^"•' 


126 " 


i i 


* * 


• • 


3251 '' 


127 " 


• * 


* • 


ii 


3302 '' 


128 '• 


ii 


• • 


ii 


3355 " 


129 '• 


i i 


i% 


k » 


3407 '' 


130 '• 


• •' . 


ii 


ii 


3460 " 


131 '• 


• i 


ii 


ii 


3514 '' 


132 " 


i • 


ii 


ii 


3567 " 


133 • '• 


i i 


ii 


k k 


3623 '• 


134 " 


i i 


ii 


k « 


3676 " 


135 '• 


ii 


ii 


ii 


3731 " 
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TABLE 111.— Continwd. 



™.,u,™. 


TOB BALLS SOIHCBKB TO 80 JNCBES 


™™. 


30 incheB. 


Solid balla 30 to 60 inches. 


3686 lbs. 


31 " 




4067 




32 " 




4473 




33 " 




4904 




34 " 




53C5 ' 




35 " 




5853 




36 " 




6369 




3r " 




6914 • 




38 " 




7490 ' 




39 " 




8097 ' 




40 " 




8736 • 




41 " 




9403 




42 " 




10113 




43 " 




10853 ' 




44 " 




11628 




46 " 




12439 




4G •■ 




13286 




4r •• 




14172 




48 " 




15096 




49 " 




16058 




50 " 




17063 




51 '■ 




18107 




53 '•" 




19940 




53 '• 




20321 




54 •' 




21494 




55 " 




22711 




56. " 




23972 




57 ■■' 




25278 




58 ■■ 


„ 


26633 
38034 
29484 
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To find the loeight of cast-iron pipes or cylinders. 

Find the inside area of a pipe or cylinder by multiplying 
the square of the inside diameter by .7854, then find the 
outside area by multiplying the square of the outside diam- 
eter by . 7854 ; subtract the former from the latter, and the 
product is the area in inches, which, multiplied by .2607 
(the weight of a cubic inch of cast iron), gives the weight 
in pounds for one inch of length. 

This product, multiplied by the length in inches, will 
give the weight. 

Example : To find the weight of a pipe or cylinder hav- 
ing an inside diameter of 12^" and J" inch thickness, and 
12" long. ^ 

Outside area, 153.938 

Inside area, 122.719 



Area of circular ring, 31.219 

.2607 



218533 
1873140 
62438 

Weight of one inch long, 8.1387933 

12 



Weight of twelve inches long, 97.6655196 = 973%V lbs. 
17 
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TABLE IV. 

TABLE FOE THE WEIGHT OF CAST-IRON PIPES OR CTLIKDERS ONE FOOT LONG, 
VARYING FROM 6 INCHES TO 120 INCHES IN DIAMETER, AND ONE 
AND TWO INCHES IN THICKNESS. 



DIAMETER OF CORE. 


WEIGHT OF, 
1 INCH THICK. 


WEIGHT OF, 
2 INCHES THICK. 


6 inches. 


69 lbs. 


157 lbs. 


7 '' 


79 " • 


177 " 


8 '' 


89 " 


197 ^' 


9 " 


98 " 


216 " 


10 '' 


108 '' 


236 ^^ 


11 " 


118 " 


256 '' 


12 '' 


128 " 


275 " 


13 '' 


138 " 


295 " 


14 " 


148 " 


315 " 


15 '' 


157 *^ 


334 " 


16 " 


167 '^ 


354 " 


17 '' 


177 " 


374 " 


18 '' 


187 '^ 


393 ^^ 


19 '' 


197 '' 


413 " 


20 " 


206 " 


433 " 


21 '' 


216 " 


452 " 


22 " 


226 '' 


472 '' 


23 '' 


236 " 


492 " 


24 '' 


246 '' 


511 " 


25 '' 


256 ^^ 


531 '' 


26 '* 


265 ^' . 


550 '' 


27 '' 


275 '' 


569 " 


28 ^^' 


285 ^^ 


590 " 


29 ^^ 


295 '' 


609 '' 


30 " 


305 ^^ 


629 ^' 
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TABLE lY. —Continued. 



4.METKR OF CORE. 


WEIGHT OF, 
1 INCH THICK. 


WEIGHT OF, 
2 INCHES THICK. 


31 inches. 


315 lbs. 


649 lbs. 


32 ^• 


324 " 


668 '' 


33 '' 


334 '' 


' 688 " 


34 '• 


344 " 


708 " 


35 '' 


354 " 


727 " 


36 '' 


364 '' 


747 " 


37 " 


374 '' 


767 '' 


38 '' 


383 '' 


786 '^ 


39 '' 


393 " 


806 " 


40 " 


403 " 


826 " 


41 " 


413 " 


845 " 


42 " 


423 '^ 


865 '' 


43 " 


433 '' 


885 " 


44 " 


442 ^^ 


904 " 


45 '^ 


452 '^ 


924 '' 


46 '' 


462 " 


944 '^ 


47 ^^ 


472 ^^ 


963 '' 


48 ^•' 


482 '' 


984 '^ 


49 " 


492 " 


1003 " 


50 ^• 


501 " 


1022 " 


51 '' 


511 '' 


1042 '' 


52 ^^ 


521 " 


1063 " 


53 '^ 


531 " 


1081 '' 


54 " 


541 " 


1101 '^ 


55 ^^ 


550 " 


1121 '' 


5G " 


560 " 


1140 ^^ 


57 ^^ 


670 ^^ 


1160 '' 


58 ^^ 


681 '' 


1179 ^^ 
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TABLE lY. —Coniinued. 



DIAMETER OF CORE. 


1 

WEIGHT OF, VEIQHT OF, 
1 INCH THICK. 2 INCHES THICK. 


59 inches. 


590 lb 


s. 1199 lbs. 


60 " 


601 ^' 


1219 ' 


• 


61 '' 


610 *- 


1238 ' 


• 


62 '' 


619 '* 


1258 * 


re 


63 '' 


629 '' 


1278 ^ 




64 " 


639 '' 


1297 ' 




65 " 


649 ^' 


1317 ' 




66 " 


658 '' 


1337 ' 




67 '' 


668 ^' 


1357 ' 




68 '' 


678 '' 


' ^ 1376 - 


re 


69 '' 


688 '^ 


1396 ' 




70 '' 


699 '^ 


1415 ' 


ff 


71 ^^ 


707 '' 


1435 


ftf 


72 ^^ 


717 ^* 


! 1454 


u 


73 •• 


727 ^' 


1474 * 




74 '' 


737 '' 


1494 ' 




75 •'•' 


747 ^' 


1514 ' 




70 '^ 


757 '' 


1533 * 




77 '^ 


767 '^ 


. 1555 ' 




78 *" 


777 '' 


1573 ' 




79 *•' 


787 *'^ 


1592 * 




80 '•' 


796 ^^ 


1612 ' 




81 •• 


80G '' 


1632 ' 




82 '' 


816 '^ 


1651 ^ 




83 '^ 


826 '' 


1671 ' 




f ^ 


836 ^^ 


1691 ' 






845 '^ 


1710 * 






855 '' 


1730 '' 
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TABLE lY. —Coniintied. 



DIAMETER 


OF CORE. 


WEIGHT OF, 
1 INCH THICK. 


WEIGHT 
2 INCHES 


OF, 
THICK. 


37 inches. 


865 


lbs. 


1750 


lbs. 


88 


«: 


875 


i( 


1769 


66 


89 


\ 


884 


(( 


1788 


66 


90 


895 


a 


1808 


66 


91 


a 


904 


a 


1828 


66 


92 


a 


914 


a 


1848 


66 


93 


(C 


924 


(( 


1867 


66 


94 


i( 


934 


i( 


1887 


66 


95 


a 


944 


a 


1907 


66 


96 


i< 


953 


<< 


1927 


66 


97 


a 


963 


it 


1946 


66 


98 


iC 


973 


a 


1966 


66 


99 


ft 


983 


(( 


1985 


66 


100 


i( 


993 


i< 


2005 


66 


101 


(( 


1003 


<( 


2025 


66 


102 


a 


1012 


<e 


2044 


66 


103 


a 


1023 


(< 


2064 


66 


104 


a 


1032 


a 


2084 


66 


105 


a 


1042 


<i 


2103 


66 


106 


(< 


1052 


<< 


2123 


66 


107 


a 


1062 


a 


2143 


66 


108 


<( 


1071 


6( 


2162 


6< 


109 


<i 


1 1081 


i( 


2182 


66 


110 


(( 


1091 


66 


2202' 


66 


111 


a 


1101 

1 


66 


2221 


66 


112 


i< 


Jill 


66 


2241 


<6 


113 


(< 


1121 


66 


2261 


66 


114 


a 


1130 


66 


2280 


66 



300 
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TABLE lY. ^Continued. 



DIAMETER OF CORE. 



115 inches. 

IIG 

117 

118 

119 

120 



1 


WEIGHT OF, 


WEIGHT OF, 




1 INCH THICK. 


2 INCHES THICK. 




1140 lbs. 


2300 lbs. 




1150 " 


2320 " 




1160 " 


2339 '' 




1169 " 


2359 " 




1180 " 


2379 '^ 




1189 " 


2398 " 



The weights of square plates and round ones, also halls 
and cylinders here given, comprise a set of tables that the 
author thinks will be found very useful as a means of assist- 
ing moulders in ascertaining the amount of iron required to 
fill such moulds (for basing runners and gates he, of course, 
must add to the weights obtained). 

Tliere are many different-shaped castings for which no 
set of tables can be given, and to find the weight of such 
the moulder will require special calculations. It is not 
necessary, in all cases, to take every crook or projection into 
special account, as it does not require any great ability to 
get an average, or to determine what the size of a mould or 
pattern would be if its irregular projections were all leveled 
or the holes filled up. Thus the size of the mould or pat^ 
tern would come into plain and even surfaces. It is then 
an easy matter to obtain the volume or number of cubic feet 
or inches contained in a mould or pattern ; knowing which 
we can soon know what amount of iron will be required. 

T^ " ^t of any shaped castings, find the 

n " =* piece, then multiply by any 
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of the decimals given below, and the product will igive the 
weight in pounds approximately. 

To ascertain the weights of castings by weighing solid 
wooden patterns, multiply the weight of pine patterns by 
sixteen, those of hard wood by twelve, and these products 
will be an approximation to the weight in iron. 

The decimal .2G07, the weight for a. cubic inch of cast 
iron, which is here used as a multiplier, is taken from Has- 
WELL. There are two other decimals, .26 and .263, which 
are very often used in place of .2607, and by using them less 
figures are required. 

To figure on the safe side, as in the case of loam moulds 
or green sand moulds that are liable to strain much, and 
also for hard iron, the decimal .263 is the best to use. 

For ordinary moulds the decimal .26, used as a multi- 
plier of volumes or areas in inches, will be found to give 
sufficiently close answers. 



THE END. 






-It- 



. 



